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ADVANCED MATERIALS 


DEVELOPMENTS IN FINE CERAMICS TECHNOLOGY DESCRIBED 

Tokyo NIKKO MATERIALS in Japanese Sep 86 pp 1-7 

[Article by Yoshio Nakamura, head of Fine Ceramics Kenkyusho] 
[Text] 1. Introduction 


At present, Japan is experiencing unprecedented difficulty faced with the high 
value of the Japanese yen against the dollar and economic as well as techno- 
logical frictions with foreign countries. Under these circumstances the 
country is experiencing a major change on both economic and technical fronts. 
During recent years, Japan has achieved spectacular progress in high-tech 
fields which attracted the attention of other countries. Fine ceramics (FC) 
is one of the fields where remarkable progress was made. In Japan, research 
and development [R&D] of FC has been pushed forth by the trilateral coopera- 
tion among industry, academic institutions, and the government. My observa- 
tion is that these efforts of the past years have finally begun to bear 
fruit. Part of the evidence for the progress can be seen in the increasing 
number of documents describing the results of research, which have been 
announced at the forums of the industry. Table 1 gives the number of such 
papers describing the results of research on various kinds of engineering 
ceramics (high-performance ceramics), presented at an annual gathering of 
the nation's Ceramics Industry Association held for 3 days starting 

12 May 1986. The principal materials involved in the development of those 
ceramics were silicon carbide, silicon nitride, zirconia, and alumina. The 
number of papers presented at the forum totaled 170. 


Concerning SiC, Si3N,, and Zr0O,, the three leading engineering ceramics mate- 
rials, there were 40 percent more papers concerning them than last year. In 
this year's forum, a new session on ZrO, was added for the first time, and 
this was one reason the number of papers was unusually high. Another feature 
of the forum this year (1986) was that papers on silicon nitride-related 
research far outnumbered the papers on research involving silicon carbide. 
There also were more than 10 papers describing the production of FC using 
composite materials. 


According to a market survey report prepared by the FC Association in March 
this year (1986), the FC used in electromagnetic and optical applications are 
expected to account for 76.4 percent of the total volume of FC produced this 














Table 1. Number of Reports Describing Results of Research on Fine Ceramics 
and Related Matters Presented at 61st Annual Forum of the Ceramics 
Industry Association 





Sic Si3N, Zr0> Al,0; AIN £Others Total 








Basic research 5 3 4 3 34 49 
Materials for high- 

temperature applications 7 24 2 1 22 56 
Special session 4 2 29 18 53 
Compound materials 3 5 4 12 
Total 19 34 31 5 3 78 170 





Note: The term “fine ceramics" used here denotes the high-performance 
ceramics for structural applications in high-temperature environments. 


year. The FC to be used as engineering ceramics elements, namely as mechani- 
cal and thermal elements, are espected to account for only 17.3 percent of 

the expected total production volume. In the meantime, a comparison of FC 
production volume for last year ‘1985), the data for which were obtained in 
the March survey,’ with an expected production volume for the same year, fore- 
cast by the association at the end of last year, showed that the actual volume 
of FCs used in electromagnetic applications was about 33 percent lower in the 
yearend survey. This decline resulted from the appreciation of the yen agaist 
the dollar, which forced the nation's electronics industry to reduce the pro- 
duction volume of the printed circuit boards for mounting IC chips. In con- 
trast with this decline, the production volume of engineering ceramics 
increased 40 percent. According to a long-term FC market forecast, the pro- 
duction volume of engineering ceramics is expected to continue to increase in 
the coming years, with the production expected to account for about 50 percent 
of total FC production volume in the 1990's. 


In the following, I will introduce a number of new ceramics materials used to 
make the engineering ceramics which have begun to attract the industry's 
interest. One of those materials is a high-purity synthesized mullite, which 
is also called new mullite. Mullite (2S102*3A1,0;) has been used as a fire 
resistant material for a very long time, and it has also been used widely as 
an insulator in the electric industry. Recently, it has been found that the 
synthesized high-purity mullite containing little glass phase has a promis- 
ing future for use as an FC material. It has also been found that such a 
mullite has characteristics almost matching silicon carbide. But these find- 
ings are not new. Reports on similar findings began to appear in a U.S. 
ceramics industry association trade journal as early as around 1972. The 
reports which appeared in the trade journal since then were authored by 
researchers, K.S. Mazdiyasni,’® P.A. Lessing,’® and P.C. Dokko.” Research on 
the new mullite is also being conducted in Japan, and the results have been 
made public by many researchers, incluting Shuzo Kanzaki°® of the Agency of 
Industrial Science and Technology's Government Industrial Research Institute 














in Nagoya, and a research team of Tokyo Institute of Technology (university) .° 
In addition, the mullite ceramics is also being developed by a number of 
private-sector companies including Showa Denko K.K., Nippon Kagaku Togyo Co., 
Ltd., and Mino Yogyo Co., Ltd. The mullite ceramics being developed by the 
said research institutions and companies have almost no glass phase in the 
material, and this enables the creation of ceramics with a high strength at 
high temperature and a larger fracture toughness. These characteristics of 
the mullite ceramics combined with the low cost of the ceramics make them a 
very promising material for creating engineering ceramic elements. But 

their application fields have yet to be developed. 


Another type of engineering ceramics attracting increasing attention from 
industry people in recent years is composite ceramic materials. The most 
popular composite ceramic materials currently available are the ceramic 
fiber-reinforced plastics (FRC) and ceramic fiber-reinforced metals (FRM). 

In addition to these ceramic products, stepped-up research is also being 
conducted for the development of other types of composite ceramic materials 
for the production of engineering ceramics for high-temperature applications, 
such as a ceramic material reinforced by either ceramic fibers or whiskers, 

a material composed of carbon and ceramics, and a composite material contain- 
ing ceramic particles. in the research for development of these ceramics, a 
number of foreign countries are ahead of Japan because they started research 
earlier than Japan did, and there are many research papers published in these 
countries. ‘In the United States, for example, at the Fifth International 
Conference on Composite Materials held between 29 July and 1 August 1986, a 
total of 193 papers describing the results of research were presented at the 
forum. These papers break down into 37 papers on FRM, 11 papers on FRC, 12 
papers on FRP, and 133 papers on other research subjects. At the 22d Univer- 
sity Conference on Ceramics, which was held while the above conference was 
underway, 65 papers were presented describing the results of research on 
multilayer ceramics (a composite ceramic material containing scattered 
ceramic particles). 


Among the methods adopted for synthesizing various composite ceramic mate- 
rials, a method of particular interest is the one using the chemical vapor 
deposition (CVD) method. Of particular interest is the synthesizing of a 
number of different kinds of composite ceramic materials, including 
SisNy-TiN, Si3N,-C, and Zr0,-Al,0;, using organic metal compound CVD, 
thermal CVD, plasma CVD, and laser CVD techniques as the in situ compositing 
method.’ Using this method, it is possible to attain the compositing of 
materials involved only by CVD and a burning process without theprocess of 
calculating material composition, mixing of materials thus calculated, and 
then molding the mixed materials into desired shapes, as required in other 
methods. These methods for combining two different types of ceramics are 
expected to make it possible to create a new composite ceramic material 

with greater toughness. The low toughness is the major drawback of ceramics. 
I hope that research on ceramic materials is to be stepped up further in the 
future to develop ceramics with greater strength. 














2. Molding Technology 


The two important processes in producing ceramics prior to the molding process 
are the process of mixing the materials and the process of granulation. 


(1) Mixing Technology: It is well known that thenonuniformity of the con- 
posing materials and the results of the mixing of the materials affect the 
yieids and the qu3ility of the ceramics produced using those materials. It 
is not easy to attain a uniformity in mixing a number of different kinds of 
materials having different qualities, different diameters of the grains, 

and different specific gravity values. With FC technology making significant 
progress in past years, various machines for mixing the mierials have been 
developed. Table 2 gives the leading makers of the machines and the princi- 
pal specifications. Most of the machines listed in the table have been used 
for a long time. Now that the manufacture of FC is entering the stage of 
production in volume, the makers are required to increase the production 
capacities of their new machines. Besides the makers listed in the table, 
there could be many other companies producing wet-type mixing machines and 
other related machines. But I was forced to exclude these makers from the 
listing due to the shortage of the space allotted for this article. The 
mixing machines having conical-type screws are being utilized for the produc- 
tion of ceramics in large quantities. The machines which are being used most 
are those equipped with V-shaped screws suitable for producing ceramics in 
relatively small quantities. Even in the wet-type mixers, the mixing in the 
machines goes through the process of dry mixing once before the materials 
involved are subjected to the process of wet mixing. Users in the ceramic 
manufacturing industry are looking forward to the appearance of the mixers 
that have improved performance. 


(2) Granulation Technology: It is well known that the uniformity in the 
density and dimensions of molded ceramics materials is affected greatly by 
the condition of the granulated materials. The importance of the technology 
for granulating the materials is increasing as the necessity for reducing 
the sizes of the granulated particles grows. So far, a number of different 
granulating methods have been developed in an effort to contain the spread 
of the particle dust, improve the fluidity and the uniformity of the 

molded materials, reduce the friction, increase the density of the molded 
materials, and to prevent materials sticking tc the metal mold. The most 
popular method used is the spray drying method. However, the method has yet 
to be refined further to adjust the diameter of the granulated particles and 
the distribution of the particles having different diameters. Choosing the 
proper kind of organic binders is also important in producing FC. 


Many models of the spray dryer have been developed, including a small- 
capacity machine for use in the production of FC in laboratory. In terms 
of the volume of water evaporation, models range from those with the evapor- 
ation volume of 1 kg/hr to the large industrial models with the evaporation 
volume of 200,000 kg/hr. Major makers of spray dryers include Rozawa Tekko, 
Sakamoto Giken, and Onkawara Kakoki. Other granulating methods include the 
rolling-type granulating method, the crushing method, and the extrusion 
cutting method. At the present level of the granulating technology, all 

















Table 2. Table of Ceramic Materials Mixing Machines, Their Specifications, 
and Makers of Machines 
Company names Machine types ry Remarks 





Hosokawa Micron 


Inverted conical type 
(vertical screw type) 


30-25 ,000 


For production in 
volume 





Fuji Pandal 


Inverted conical type 


(conical screw type) 


30-60 ,000 


For production in 
volume (technical 
tieup with (Freeco) 
Co. 











V type 22-5 ,000 Dry type 
San'el Seisakusho V type Various Dry type 
capacities 
10-600 
Agitated mixing Wet-type mixing, 
type mixing and kneading 
Tokuji Seisakusho V type 10-2 ,000 Dry type 
W type (cone type) 30-2 ,000 Dry type 
Funken Flow jet (mixing 100-15,000 Continuous type 
using jet stream) kg/h (wet type) 





Shinko-Pfaudler 


Inverted conical type 


3-20 ,000 


For production in 
vo lume 























Nitto Kogyo Edge runner method 7-3 ,500 Mixing and kneading 
(batch-type Muller) 
Honda Tekko Screw type 30-10 ,000 Continuous mixing 
kg/h_____and_kneading 
Ashizawa Roll mill type Mixing and kneading 
Daiwa Kakoki V type, ribbon type Various Small type 
capacities 
Satake Kagaku Nikai V type and multilines Various Small type 
capacities 
Inoue Seisakusho Agitated mixing type 350-1,600 Wet-type mixing and 
kneading 
Santoku Kogyo Mixing (accurate Various Small type 
type) capacities 





of these methods are still not fully suitable for appl‘cation to the commer- 


cial production of FC. 


(3) molding Technology: 


In molding ceramic materials into a desired form, 


the molding machine to be utilized is chosen by taking into consideration 
the mold shape, dimensions, accuracy, the characteristics of the ceramics to 











be produced, and the projected production volume. Table 3 describes various 
molding methods, the conditions of the materials, and the features of the 
molded ceramics. It is quite rare that the materials in powder form are put 
to the mold directly. In almost all cases the materials are molded after 
they were granulated or made into slurry. This means that the quality of 
the produced ceramics is influenced substantially by the ways of mixing and 
granulation. 


Table 3. Methods for Molding Fine Ceramic Materials and Features of Those 
































Methods 
Molding methods Condition of Condition of molded materials 
materials 
Pressurized molding method Granule Tend to produce a directionality 
(metal mold press) vis-a-vis the pressurized surface 
Vibration-compression Granule Possible to achieve a high 
molding method density molding 
Extrusion molding method Mixing and There is a directionality vis-a- 
(screw method, plunger kneading vis the direction of extrusion. 
method) Presence of difference of the 
density between inner surface and 
outer surface pra 
Injection molding method Slurry, Uniform, deformed. thin 
granule 
Hot press molding Granule High density 
Hydrostatic cold press Granule Uniform 
molding 
Hydrostatic hot press Granule Uniform, high density 
molding _ 
Cast ing Slurry | Uniform, deformed 
Sheet molding method Slurry Uniform, thin plate 





The vibration-compression molding method is suitable for use in the production 
of a thin ceramic plate with a large surface area. This method has been 
employed for a very long time in making ceramic products such as shelf plates 
using silicon carbide system materials. Recently, the industry started study- 
ing the possibility of using the method in the production of other kinds of 

FC products. Hiroo Kobayashi’ of Tekko Tanki Daigaku (junior college for iron 
and steel) has created ceramics by carrying out the molding using the method. 
As the material he used 99.5 percent alumine which was subjected to the 
vibration-compression molding process together with an organic binder. The 
molding was carried out under a vibration frequency of 3,600 cycles/min, and 

a compression pressure of 100 kg/cm’. The duration of the vibration was 60 
seconds. The molded material was then burned under temperatures ranging from 
1,400 to 1,500°C. Kobayashi compared the ceramics thus created with other 
ceramics which were made using conventional pressurized molding method. As a 








See — —03[ 


result, he reported that he had succeeded in creating FC having a high material 
density using far lower compression pressures ranging from one-tenth to 
one-tventieth of the pressure required in the conventional method. In another 
paper, Kobayashi also reported that it was possible to conduct the molding of 
the ceramic materials properly even when the volume of water added to the 
materials was less than about one-half. It is said that the bulk density (or 
bulk specific gravity) of the ceramics created using the vibration-and- 
compression method is more than 20 percent or so larger. Judging from these 
results, the merits of introducing the vibration molding method must be 
studied earnestly by reviewing the current industry practice of relying almost 
exclusively on the CIP and HIP as the established methods of molding ceramic 
materials. 


3. Burning Technology 


As described in the preceding section of this article, in employing the extru- 
sion molding method a large amount of organic binders, particularly paraffin 
wax system or resin system binders, is used. This calls for a process of 
degreasing before the molded materials are put to burning. Until recently, 
the process of degreasing took a very long time, and this was the major 
drawback of the extrusion molding method. Recently, however, degreasing 

time has been substantially reduced through the introduction of a number 

of measures, including an increase of the pressure inside the furnace or 
making the inside of the furnace a vacuum. Tokai Konetsu Kogyo’ succeeded in 
cutting degreasing time to less than one-fourth of time required in the con- 
ventional method by raising the pressure to about 5 kg/cm’ - Sumitomo Heavy 
Industries, Ltd., on the other hand, has developed a degreasing furnace in 
which the pressure can be raised to 200 kg/cm*. When degreasing has not 

been done properly, the residual binder substances could cause cracks and 
distortions to cevelop cn the molded ceramic materials while they are under- 
going burning. 


At present there are a number of burning methods available for producing FC. 
One of the methods attracting the attention of the industry for promoting 
the density of the ceramics is the gas pressure sintering method. Recently, 
silicon nitride ceramic products have been used in the rotors of turbo- 
chargers. The ceramic rotors were developed by NoK Spark Plug Co., Ltd., by 
using research funds received from the Research Development Corp. of Japan 
by applying the resuits of research on ceramics by researchers at the Science 
and Technology Agency's National Institute for Research in Inorganic 
Materials. 


In the United States, research on the gas pressure burning method has already 
been conducted by researchers, including C. Greskovich,'’® in connection with 
creating silicon nitride products in a high nitrogen gas pressure environment. 
The decomposition of Si,N, under the pressure equivalent to the atmospheric 
pressure of N, gas sets in at the temperature of about 1,900°C (1,800 to 
2,000°C). The higher the gas pressure, the higher the decomposition tempera- 
ture, too, leading to the creation of stabler Si3N, ceramics. For instance, 
under the N» pressure equivalent to 100 times the atmospheric pressure, the 
decomposition temperature of the ceramics goes up to about 2,200°C. Under 














such high gas pressure, it becomes possible to produce ceramics of setisfac- 
torily high densities of the materials, even when the volume of sinter promo- 
tion agents was reduced from the level ordinarily required. The progress nade 
in the recent past in the gas pressure sintering method has now made it possi- 
ble to produce the sintered body of SisN, which has great strength at high 
temperatures. 


In most cases of sintering silicon carbide and silicon nitride materials, 
sinter promotion agents are being used to restrict the growth of the grains 
in the sintered compacts due to heating at high temperature, and to increase 
the density in the sintered bodies. As far as the number of research reports 
and patent application documents submitted in the recent past are concerned, 
the number of the reports and documents on the sinter promotion agents aimed 
at improving the toughness and increasing the density of ceramics is particu- 
larly high. Table 4 lists a number of types of the agents that appeared in 
the recently submitted research reports and publicly open patent documents, 
and their applications. 





Table 4. Instances of Utilization of Sinter Promotion Agents in Ceramic 
Production (related literature and patents) 
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In addition to the gas pressure sintering method, there are three other 
ceramic sintering methods which have attracted the industry attention 
recently. They are “he chemical vapor deposition sintering method, self- 
burning sintering method, and the hydrothermal reaction sintering method. 


(1) Chemical Vavor Deposition (CYD) Sintering Method’: This method is 
draving attention as the xethod that could realize high-purity sintering 
without using a particular sinter promotion agent. The major feature of the 
CVD sintering method is that it allows production of high-purity ceramics 
and the control of the microlevel structures. The material density in the 
ceramics produced using the sintering method is very close to the density 
level theoretically attainable. The ceramics created using the method 

have large Weibull coefficients, and display the highest abrasion resisting 
capability. The number of the void in the sintered body is zero, and such 
a low void rate cannot be obtained by using other sintering methods. 


The CVD sintering technology is still at laboratory stage. It is one of the 
most promising methods for sintering in the production of high-performance 
ceramics. 


(2) Self-Burning Sintering Method’’: This method tries to make the best 
use of the heat generated when the reactions of the elements involved in 
sintering takes place, as part of the heat sources for sintering of ceramic 
materials. In the method, the materials for making ceramics in powder form 
are synthesized under a pressurized environment, and the process of the syn- 
thesizing and the process of sintering the synthesized materials are com- 
pleted at a stretch in a short time. The self-burning method is also used 
for carrying out bonding between ceramics and metals. I will touch later 

in this article on the bonding application of the sintering method. 


(3) Hydrothermal Reaction Sintering Method’*: In this method, the powder of 
a compound material is produced by causing powdered metal to react with a 
high-pressure, high-temperature aqueous solution and organic solvents under 
a hydrothermal reaction condition. The reaction process involves the oxi- 
dation of a metal. In this method, the sintering is carried out by applying 
a pressure generated by the flow of a gas involved or a pressure produced by 
the movement of a fluid to the powder of the compound material uniformly. 

The hydrotherms! reaction sintering method is used for creating the sintered 
body of an oxidized material. The material is created by oxidizing the metal 
powder with a high-pressure, high-temperature aqueous solution. The sinterea 
body created using this method has a high purity, a high density, and uniform 
structure. The method allows sintering at a comparatively low temperattre. 
However, the sintering method has yet to be improved further to produce the 
ceramics of better quality. 


4. Processing Technology 


Now the processing of FC requires increasing accuracy, higher speed, and 
lower production costs. To meet these demands, various processing methods 
have been developed so far, and the technologies involved in these methods 
have been making remarkable progress in recent years. As the method for 











cutting ceramics, the compound processing technology combining conventional 
mechar ical g:1inding with various forms of electric energy has been developed. 
The compound processing methods include the electrolytic discharge grinding 
method, electromagnetic wave grinding method, and the ultrasonic grinding 
method. 


(1) Electrolytic Discharge Grinding Method’*: The grinding machine devel- 
oped by Inoue Japax uses a grindstone of metal-bonded CBN or SiC having a 
certain degree of electrical conductivity. In conducting the grinding, the 
object to be processed is fixed on the processing table insulated from the 
table surface, then an electrolytic processing fluid is constantly supplied 
between the grindstone and the object while the grindirg is being conducted. 
The grinding of the surface of the object to degrees ranging from a few micro- 
meters to a few millimeters can be achieved by moving the processing table 
carrying the object in desired directions relative to the grindstone. In 

the electrolytic discharge grinding method, the degree of electric conductiv- 
ity of the ceramics to be processed affects the results of the processing 
greatly. Good results can be obtained in the ceramics with conductivity value 
smaller than 100 Qcm. 


(2) Electromagnetic Wave Processing Method’*: This processing method is used 
to apply an additional mechanical grinding to the ceramics object by project- 
ing a microwave or a laser beam on the object after its surface has been 
treated with grindstone. The processing is conducted by constantly supplying 
aprocessing fluid containing a reactive medium. A feature of this processing 
method is that the electrical conductivity of the object being processed 
rest,icts in no way the mode of projecting the microwave or laser beam. As 
the reactive medium, generally a fluid containing 10 to 20 percent of either 
caustic soda or soda ash is being used. There is a possibility that the 
processing accuracy can be enhanced further by increasing the beam energy. 
Research is underway for the development of a new microscale processing tech- 
nology by introducing a new type of beam which combines an electron beam with 
an ion beam. 


5. Bonding Technology 


The two new methods of bonding of ceramics attracting attention of the 
industry people in the recent past, are the electric bonding method and the 
pressurized self-burning bonding method. 


The electric bonding method’* was developed by Masanori Kayama of the Agency 
of Industrial Science and Technology's Government Industrial Research Insti- 
tute, Osaka. In bonding two separate ceramic objects together using the 
method, first they are put together by inserting a layer of a bonding agent 
between them. Then the junction portion is heated by gas flames which are 
blown on the portion from the sides. After the temperature of the junction 
is further raised by causing an electric discharge to run through the junction 
by placing the ceramic objects between a pair of electrodes to which a high 
electric potential is applied during the discharge period. The electrodes 
doubly serve as the gas burners during the initial heating period. The high 
temperature at the junction causes the inserted bonding agent to react with 
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the adjoining faces of the ceramic object, leading to the bonding of the two 
ceramic objects. Im the electric bonding method the bonding can be carried 
out by applying only localized heating to the two objects to be bonded 
together, and this is a merit of the method. The method allows the bonding 
of fairly large objects to be conducted anywhere whenever the necessity for 
bonding arises. An advantage of the electric bonding method is that the 
method can be utilized for the bonding of nonoxide system materials having 

a very high melting temperature, irrespective of the electrical conductivity 
of thematerials involved. However, there are a number of problems yet to be 
solved, including assurance of uniform rise in temperature across the bonding 
faces of objects, and the adjustment of the bonding materials, to achieve 
better bonding results. 


Next, I will describe the pressurized self-burning bonding method. This 
bonding method is used when bonding ceramics with metal, and the technology 
involved in the bonding method is an extension of the technology involved in 
the self-burning sintering method, which was described in a preceding section 
of this article. To conduct a bonding between the two different objects, a 
metal object is put together with a molded ceramic body by applying an 
external pressure to them, and then they are subjected to the ceramic sinter- 
ing process. The bonding is carried out due to the high temperature of the 
sintering process. The heat produced as a result of the reactions occurring 
between the two objects when the sintering is underway adds up to the sinter- 
ing heat, generating a high bonding temperature. 


The problems with the pressurized burning bonding method, which have yet to 
be solved to improve the performance further, include the method for promot- 
ing the self-burning, a reduction of the pressure, and the development of 
new bonding promotion agents. In bonding ceramics with metal, the results 
could be improved further by solving the problems related to the wetness at 
the interface of the two different materials, the difference of thermal 
expansion coefficients, chemical reactions occurring at the interface region, 
and the synthesis of a solid fluid. 


6. Thermal Treatment Technology 


The benefits of giving a heat treatment to ceramics particularly the engineer- 
ing ceramics are not yet known well. But findings have been made about the 
merits of heat treatment in ceramic semiconductors. Among the many reports 
describing the results of research on the effects of the heat treatment, which 
have been announced so far, there is one by Toshihiko Tani’® of Toyoda's 
Central Research Institute. He reported on the effects of the grind process- 
ing and heat treatment of SiC sintered compacts. The report described their 
effects on the antisnapping strength of SiC ceramics. According to the report, 
his experiment involved the use of sintered SiC test samples which had a notch 
created on the surface of each of them. In the experiment, one of the samples 
was heated in a vacuum environment by changing the temperature over a range 
between 800 and 2,000°C for 1 hour, and the other one was heated in an Ar gas 
environment at a temperature of 1,500°C. After this heat treatment was com- 
pleted the antisnapping strength was measured. As a result, according to the 
report, it was found out that the samples which had been treated in the vacuum 
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or Ar gas environment at a temperature of 1,500°C displayed a 66 percent higher 
strength than the untreated SiC samples. To deepen the understanding of the 
effects of the heat treatment on the effects of the difference of the treatment 
environment (vacuum, N2, CO, the air, etc.) and of the time length of the 
treatment. 





7. Concluding Remarks 


This article has described the developments in ceramics-production technology 
centering on structural fine ceramics in Japan in recent years. The develop- 
ment in ceramics-related technologies is marked by fast progress. It is 
believed that ongoing research would lead to the development of new technolo- 
gies for making ceramics and also to the development of new applications in 
the future. Particularly, the progr. +s in the development of compound ceramic 
materials and the aforementioned processing machines which have been devel- 
oped by making use of combined technologies has been noteworthy in recent 
years. Examples of the application of the compound technologies follows. 


(1) Combining more than two kinds of materials to produce a new composite 
material--development of compound ceramics such as Al203;-SiC, whiskers-Zr02, 
etc., 


(2) Introduction of the compound technology into ceramic-making machines. 
Such machines include the powder-form material production machine combining 
radio frequency wave and plasma technologies, another type of powder-form 
material production machine merging high frequency and electromagnetic wave 
technologies, a ceramic grinding machine incorporating electromagnetic wave 
technology, an electrolytic discharge processing machine, a compound beam 
processing machine using an electron beam and an ion beam, and a number of 
other kinds of machines which are already being used commercially, including 
hot isostatic press (hot press-isostatic press), magnetic field molding 
machine, and vibration-compression molding machine. It is believed that the 
ceramic-making techniques using more than two different processing technol- 
ogies simultaneously by introducing them into a single machine will be widely 
adopted in the future. 


This industry trend of combining different technologies is prompting business 
tieups among the firms specializing in different product lines. In some 
cases, the cooperation is developing into a joint venture between partners, 
and this trend is gaining momentum. I have high hopes for the development 

of the nation's FC industry in coming years. 


I conclude this article by expressing my gratitude to those researchers who 
announced their research results at this year's (1986) forum of the Ceramics 
Industry Association. From their forum materials I borrowed much information 
for writing this article. 
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AEROSPACE. CIVIL AVIATION 


STOL TESTS, OTHER NATIONAL AEROSPACE LAB NEWS REPORTED 
STOL ‘Asuka’ Flight Tests 
Tokyo KOGIKEN NYUSU in Japanese Mar 87 pp 1-2 
{[Article: "Fanijet STOL Research; ‘Asuka’ Tests Proceed Smoothlv" |} 


{Text] Flight tests are being performed on the experimental low-noise STOL 
craft "Asuka" at the National Aerospace Laboratory (NAL) Gifu Flight Test 
Center (located on the Gifu Air Self-Defense Force Base), and are generally 
proceeding smoothly. 


The Asuka made its maiden flight in October, 1985. In-house flight tests 
to demonstrate basic aircraft safety were completed by the end of that 
year. The craft was then received by JAL and entered a technological test- 
ing phase that is scheduled to last 3 years, beginning in 1986, for the 
purpose of demonstrating and perfecting STOL technology. The tlight test 
schedule is given in the table. The Asuka has a CTOL mode in which conven- 
tional takeoffs and landings can be performed as a backup to the STOL mode, 
so the flight tests, in the interest of safety, will proceed gradually from 
the CTOL to the STOL mode. 


Table Flight Test Schedule 








fear: 1985 1980 1? — {988 
Phase: Phase !? 
Sebdiect of Test Ia-Souse Flight Tests Phase 0 Part 1 Part 2 
‘Syst eas? 
Bar dvare Confira activation aad ©: Verify airworthiness Take aeasures to improve flight characteristics 
functioning 
few Techaology OQualitatively verify Quant itatively deter- Verity and evalsate Enhance, extend tuactions 
feactionality pine characteristics effectiveness 


<Plight Characteristics> 


C/E Bode Verify satety and airworthiness Bavelope expansion & technological tests 

CTOL Hode Verity safety and airworthiness Bavelope expansion & technological tests 

STOL Bode Sisulated takeotf/landiag tests at altitede Actual TH0/LMD tests Operations! tests 
Actual TRO/LED Node CTOL mode CTOL mode STOL & CTOL sodes 
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The in-house flight tests and other testing up through phase 0 were meant 
to demonstrate the basic performance capabilities of the Asuka, as an 
experimental aircraft, and to prepare for the STOL takeoff and landing 
tests and operational tests of phase 1. These tests were performed exclu- 
sively in the flight test air area (cf figure), at altitudes of 5000 to 
10,000 feet. Data has now been obtained on the operation of various sys- 
tems and functions, on airframe strength, on electronic systems such as 
SCAS and HUD, and on seneral flight characteristics. The results of ana- 
lyzing this data show that the Asuka meets the design objectives for 
safety, and that the flight characteristics at low speeds exceed design 
values, but that they tend to fall short of design values at high speeds. 


Figure Plich!t Testinn Area 


— alee 


2 Osman 





2 
8* 


Gifu Flinht Test Center (Gifu Airport) 
Nagoya International Airport 

Ise Wan [Ise Bay] 

Shima Hanto [Shima Peninsula] 

Test area base 

Hamamatsu Airport 

Test area 

50 km trom area base 

Pacific Ocean 


£a4nQAuFwneezxX 


In the phase 1 tests, the effectiveness of the new technology employed in 
the Asuka is to be verified, and comprehensive degonstrations and verifica- 
tion tests will be done on the STOL technology, which is a revolutionary 
flight technology using powered liftoff. 
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The test azenda includes tests ot aerodynamic characteristics, ftlisht per- 
tormance, durability, maneuverability, low-noise operations, and high-speed 
pertormance, tozether with actual operational evaluations. During this 
phase, appropriate measures will be taken as necessary to enhance the 
flight characteristics (bv design modifications, etc.). 


During the STOL takeoff and Landing tests, the PAPI svstem (an optical 
precision landins support system) that has been installed at Gifu Airport 
will be used for the first time in Japan. 


Based on the test results from phases 0 and 1, the design standards and 
databases necessary for developing STOL transpor « «ill be consolidated, 
and the first objective of the STOL project--i.c. .. ‘evelopment of “air- 
trame technology"--will have been achicved. The ultimate objective of the 
project is to research and develop an STOL transport system throuzhout 
Japan, based ou the results of developins the “airframe technolorzyv." This 
will require, after 1989 when the flight tests are to be finished, that we 
conduct studies on navigation, air traftic control, and STOLL transport 
operations. Plans are being made at NAL to do studies in these areas as 
soon as possible. 


Transonic Wind Tunnel Blower 
Tokvo KOGIKEN NYUSU in Japanese Mar 8&7 pp 2-% 


{Article by Transonic Wind Tunnel Control Research Section, Second Aerody- 
namics Department: "Renovation Work on Main Blower Drive Unit for Tran- 
sonic Wind Tunnel Proceeds Smoothly" | 


[Text] The renovation work being done on the critical main blower drive 
unit of the 2 m x 2 m transonic wind tunnel at the National Aerospace Labo- 
ratory (NAL) is. in general, proceedinza smoothly. 


The conceptual design work tor this project was completed in tiscal 1984. 
Based on this, renovation work began in fiscal 1985. The seneral confizur- 
ation of the renovated equipment in this main blower drive was reported on 
in KOGIKEN NYUSU, No 311 (March 1985 issue). <A summary of the main compo- 
nents is given below. 


(1) Main Blower Drive Motor 


The main blower drive motor drives the main blower otf the transonic wind 
tunnel. The drive emplovs a single 22,00-kW thvristor motor. This equip- 
ment has been simplified, the power consumption has been reduced, the 
start-up and shutdown times tor the transonic wind tunnel have been short- 
ened, and the productivity of the wind-tunnel test data has been enhanced. 
The specifications of the thyristor motor are siven in the table. The 
backloaded side of the thvristor motor axle 1s provided with a mechanical 
brake, a thvrister-motor phase detector, and three sets of independent 


16 





hizh-precision hizh-speed detector units made up of laser beams and 1200 
slitted disks. This facilita’ high contrul precision and reliability. 


Table Thyristor Motor Specifications 

Type Revolvine-tield salient-pole rotor synchronous 
motor (1 unit) 

Output, poles 22,500 kW 8 poles 

RPM range 1.17 - 11.83 Ss"! 

Powers supply 11,000 V (initial voltage) 

Rated torque 3,140 N-m 

Wind svstem Externally-powered wind-cooled fan (1 unit, 
separately installed) 

Size Length: 10.5 m Width: 4.1m Height: 3a 

Weight Rotor: 4,740 kz Stator: 3,470 kg 


Total weight: Approx 11,600 kg 
(2) Power Supply for Main Blower Drive 


The power supply for the main blower drive is contigzured with due consider- 
ation given to achieving compatibility between such existing equipment as 
the main blower and the transformer station, and the drive motor and high- 
precision control tunctions, etc. 


1) Rectifier transformer (33.0 MVA) (1 unit) 

2) Thyristor motor rectifier (22.5 MW) (1 unit) 
(uses 48 high-power thyristor clements rated at 4000 V, 1500 A) 

3) Thvyristor motor inverter(s) (22.5 MW) (1 system) 
(uses 48 high-power thyristor elements rated at 4000 V, 1500 A) 

4) Smoothing reactor (1 system) 
5) Harmonic filter equipment (1 system) 
(5-staze, 7-stane, l1-stagze, 13-staze and 17~stage filters, 1 each) 

6) Emergency damping resistors (1 set) 
7) Motor thyristor exciter svstem (1 system) 
8) Thvristor (high-precision hish-speed) control system (1 system) 


(3) Switchboard Equipment 


The switchboard equipment, excluding the transformer station, consists of 
the switchboard unit for the main blower drive and the distribution system 
for the control and power, being mainly made up of high-voltage switching 
panels and special high-voltage switching panels that accommodate circuit 
breakers. Oil-filled circuit breakers are not used; instead, gas-filled 
and vacuum type circuit breakers are employed. 


(4) Operating & Control System for Main Blower Drive 
The main blower drive operating and control system comprehends the opera- 


tion, control, instrumentation, and measurement of the the main blower, and 
is made up of a computer and a central monitoring and control unit that has 
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interfaces for sequence control, monitorins, operation, measurement, and 
cisnal checkine. Hish reliabilitv is built into this system. The confis- 
uration is diasrammed in the figure. 


Figure Control Svstem Contiguration 
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Thyristor control panel (high-precision high-speed control unit) 
Blower sequence controlling computer, monitoring & contol computer 
Main blower monitor pancl 

Transonic wind tunnel monitor panel 

Color [TV's 

Por drattinn experiment reports 

Main blower control console 

Malfunction & warning displavs 

Interactive computer 

22, 500-kW synchronous motor 

Remote 1/0 unit panel 

Auxiliary relav panel, measurement converter pane) 

Main blower 

Measuring unit 

Data necessary for wind tunnel tests (Mach number, internal pressure & 
temperature, etc.) 

Switchboard equipment, auxiliary units (oil pumps, etc.) 
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1) Central monitorinr & control unit (1 system) 


2) Monitor panel (1 system) 
3%) Main blower control console (1 system) 
4) Interface system (1 svstem) 


In addition to these, systems are also provided for controlling the inter- 
nal pressure and temperature in the transonic wind tunnel. 


The ftorergoins is a seneral description of the configuration of the tran- 
sonic vind tunnel @a‘u blower drive equipment. 


in the renovation wor&, the thyristor gsotor has now been connected directly 
to the main blower and various tests and adjustments are being made. 


The precision with which the measuring unit measures the Mach number in a 
transonic vind tunnel is largely dependent on the high-speed control of the 
thvristor moter. Very hish speed-control precision is required, i.e. an 
rpm variation of 0.03 percent or less with respect to the preset rpm. The 
thyristor motor is able to satisfy this extreme demand. In making the rpm 
settings, it is possible to make continuous settings, and when emploving 
maximum acceleration, to go from 0S ' to 11.83 S°' in about 7 

minutes 30 seconds. Torque surges can also be kept down to a low level in 
the thvristor motor by multiphasing the thyristor frequency convertor (12 
phases in this unit), and this reduces vibration in the main blower and 
axle system. Good results have been obtained with the harmonic filter 
equipment in solving the harmonic problem, and this also helps in improving 
the power tactor of the thyristor motor. 


For the control svstem, the conventional manual operation controls have now 
been adjusted, and thorouchly satisfactory results have been achicved. The 
next step is to proceed to the testing and adjustment of the automatic 
controls. 


The renovation work is now moving ahead so that it can be completed by the 
end of Mav, 1987, after which satistactory wind tunne] data can be provided 
tor internal and external consumption. 


Advanced Turboprop Airfoil Research 
Tokyo KOGIKEN NYUSU in Japanese Mar 87 pp 4-5 


lArticle by Teruo Ichikawa of Pirst Airtrame Department: “Research on ATP 
Propeller Airfoil Oscillating Aerodynamic Force Theory" | 


[Text] Research and development is being done in several countries on the 
ATP (advanced turboprop) as a propulsion system for enerav-conserving 
transport aircraft. It is crucial that the aerodynamic loads acting on 
this propeller be calculated in order to predict thrust performance, 
strength, and aerodynamic clasticity phenomena, etc. Some computine pro- 
grams have already been completed at the National Aerospace Laboratory 
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(NAL) ter the purpese of performance calculations (cf KOGIKEN NYUSU No 
$32). In this article we introduce the lifting surface theory tor oscil- 
latine propeller airtuils, the aim ot which is to analyze such acrodynamic 
elasticity phenomena as flutter, etc. Advances in the theory of aircraft 
propellers all but stopped after World War LI, and we now necd to perfect 
reliable theory that is based on solid fundamentals. 


Just as tor the subsonic oscillating littinz surface theory tor directly 
advancing airfeils, the propeller littins surface theory is tormulated in 
terms of the intesral equation 


.,° > Sf Kan 4P, aS 


a-t 5S, 


(an=1,2,°7. 4) 


in vhich the upwash wa is given and the the pressure ditference delta 

pa between the upper and lower surfaces is the unknown tunction. Unlike 
the case of a directly advancing airtoil, however, this becomes a svstem of 
integral equations equal to the number of propeller blades N. The core 
factor Kee, moreover, takes the complex form of an unlimited progression 

of unlimited interrals that contain Bessel products. This theorv has elu- 
cidated the conditions of the infinity that the solutions of the control- 
ling equation and the accompanying cquations for the acceleration potential 
should satisfv, and, using these, has clearly shown that the intezrals at 
the threshold of intinitv of Green's toraula become zero. This is some- 
thing that has been neglected in the theorv of directly advancinz airfoils. 
The basic difterential solutions of the accompanving equations are thea- 
selves quite complicated, but are found throuch very natural processes 
using Fourier transforms and representations of the generating tunctions 
for the Bessel functions. The Mach cone in the rance in which the spiral 
velocity (resultant velocity of forvard velocity and circumferential velo- 
citv) of a fixed propeller reaches supersonic, moreover, is considered as a 
characteristic curve ot the controlling equation tor the potential. The 
Mach cone is «a curved conical surface having a spiral as its axis. When 
the terward velucity is subsonic, the cone contains the apex thereof within 
its own skirt. Accordinalv, a disturbance at a given point will be propa- 
gated to the “outside” of the aft Mach cone which has the said point as its 
apex (the outside is simultaneously the inside). In other words, the range 
ot the surface intesral in the interral equation stated above is the entire 
propellec airfoil. Furthermore, it was shown that, by deriving the difter- 
ential equations tor the Mach Lines on the surtace of the spiral that 
hecomes the standard tor the propeller airfoil surtace, it is possible to 
indge whether the leading (trailing) edze is subsonic or supersonic. 


This theory is a Linear theory, in ranges where the spiral velocity 
approaches the speed of sound, a loss of precision is believed to be 
unavoidable. Nevertheless, with the oscillating propeller theory, there 
are two reasons for beine hopeful that the breakdown of the Linear theory 
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at transonic speeds way he gwitiszated. One is that, when an airfoil oscil- 
lates, bounded solutions exist at subsonic speeds, even with the theory of 
directly advancine airfoils. The other reason is that, in propeller 
theory, even in the case of fixed propellers, the solution remains bounded 
in cross-sections whercin the spiral velocity becomes sonic. This theory 
should be directly applicable, within suitable speed ranges, in analvzing 
propeller airfoil flex-unflex tlutter and whir flutter in the propeller 
overall, aud in making the necessary calculations of aerodynamic loading 
for inferrinn fatigue strength, etc. In cases where the nonlinear effect 
is Large at subsonic velocities, nonlinear differential equations gust be 
solved by the techniques of numerical simulation (cf KOGIKEN NYUSU No 332), 
but such computation is very expensive, so its use should be kept to a bare 
minimum by relving whenever possible on computations based on lifting sur- 
face theory. Lifting surface theory should be useful also as a basis of 
comparison in evajJuating the precision of the results of computations wade 
using wumerical simulation. Future tasks include the development of compu- 
tativnal prozrams for finding numerical solutions to the integral equation 
stated above, and the extension of this theory to the case of pairs of 
counter-rotating propellers. 


In conclusion I wish to point ont that two ground-breaking research efforts 
have been made in this urea in Japan. One is the theory of fixed propel- 
lers in compressed flows (1942) developed by Kazuo Kondo. The other is the 
theory of non-tixed propellers in non-compressed flows (1962) propounded by 
Tatsuo Hanaoka. The theory summarized in this article owes auch to these 
earlier researches, and my hope is that it carries on the tradition is some 
small measure. 


TVD Difterence Scheme Research 
Tokvo KOGIKEN NYUSU in Japanese Mar 87 p 6-7 


{Article by Computer Research Section, Computer Center: "Research on TVD 
Difterence Scheme for 3D Euler Equations" | 


[Text] Almost all of the amazing advances now being made in numerical 
computation are due to rapidly improving computer performance. The basic 
features of such numerical analytical techniques as difference schemes have 
been developed nuw for quite some time in the tield of mathematics, and the 
latest techniques being proposed tor numerical computation contain Little 
that is really new. However, the hish-precision TVD difference scheme 
recently proposed by Harten et al.--which deftly captures such discontinui- 
ties as shock waves, etc., and involves Little numerical oscillation-~-is 
thought to be worthy of close attention. 


TVD (total variation diminishing) is the condition required tor the total 
sum of the variation in the difference solutions to monotonally diminish 
with advances in the time direction. Mathematically speaking, when mono- 
tonal reduction is required with respect to ordinary norms, the class of 
linear precision difterence schemes is the only thing one may consider, but 
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when the extension is gade to this TYD condition, classes of hizher-decree 
pre ision ditterence schemes become thinkabic. 


Ye rendered into cubic torm the quadratic- and cubic-precision TYD schemes 
based on the Lax-Wendrotf-tvpe quadratic precision TVD scheme of Hariecn ct 
al. and the solution of the initial value problem of Riemann by Chakravar- 
thy ct al., and solwed the Euler equations around the ONRE-M6 airtoil. 
Their schemes vicld extremely good solutions tor one-dimensicnal problems. 
but reportedly do net perform all that well tor general coordinate svstems 
of higher dimensions, especially those of three dimensions. Indeed, thev 
did net vield geod solutions in our numerics] computations. The reason tor 
this is that, when computin= wumerical tlux in zeneral coordinate systems, 
the handling of the ceoemetric values vas inadequate. We obts.ned extreaecly 
excellent computational results with our improved scheme. We invlicate here 
the recult« vith a main-tlow Mach wamber of 0.44 and an anctie of attack of 
3.06 dexzrees. ‘\ C-H lattice having 191 x 33 x 24 Lattice points was used 
in the computations. in Figure 1 are fiven isebaric line plots tor upper 
airtoil surfaces. When compared to the computational results obtained with 
the beam-varminz scheme (which has now become common and is provided here 
for the purpose of comparison), it is evident that clear solutions are 
obtained which have tar less oscillatien. In computations usin a proto- 
type TVD scheme, moreover, the stronzm shock waves are neativ captured, but 
the weak sheck vaves near the leading edee become indistinct, as is evident 
here. In Pigure 2, the Ce values are plotted at the 65-percent position 

in the half-span direction. When these results were compared with experi- 
mental values, the TVD scheme was tound to exhibit extremely good aareement 
in terms of expansion at the Leading edge of the airtuil and position of 
the weak shock waves. When comparisons were made with the beam-warmins 
seheme, the Cr distributions in all span positions were in areater 
anreecment with the experimental values. 


Firure |} Isobaric Line Plots on Upper Airtoil Surtaces 
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Fiseure 2 Pressure Coetticicat Distribution Kclative to Wing Chord at 
é6°5-Percent Halft-Span Position 
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Now that such great advances have been made in computers. the initial phase 
of numerical computation in the tield of serodvnamics--in which we vere 
happy just to get numerical sulutions to some problcems--has now ended, and 
we have entered the next phase in which we are asking how rood those solu- 
tions are. Computational aerodynamics is plavinr an increasinriv vital 
role in the development of aircratt, and we believe that research on numer- 
ical analysis will become mure important as better schemes are sourht. 


Liquid Hvdroren Turbopump Bearings 
Tokyo KOGIFEN NYUSU in Japanese Mar 87 pp 7-10 


[Article bv Masetaka Yasaka of Tsunoda Branch Laboratory: “Lubrication 
Pertormance in Bearings tor LE-5 Liquid Hvdrogen Turbopump" | 


[Text] The LE-5 second-stage rocket engine of the experimental H-1 rocket 
launched on August 13, 1986, is the first Liquid-tuel tocket developed in 
Japan which uses liquid hvdrogen and liquid oxvgen as the propellants. The 
turbopump system which teeds the crvorenic propellants under pressure to 
the combustion chamber in this rocket makes food use of the RAD work done 
at the Teunoda Branch of the National Aeronautical Laboratory (NAL) on the 
prototvpe Liquid-oxvgen turbopump, turbopump bearings (that determine pump 
life), avd shalt seals. 


Recket turbopumps must be lirhtweirht and simple of design in order to 
achieve both high pertormance and reliabilitv. The shait svstems in these 
turbopumps theretore employ self-lLubricating bearings that are cooled bv 
the pump fluid and support high tpm. The bearings (inner diameter = 25 mm) 
used in the LE-5 lLiquid-hvdrogen turbopump must operate at 50,000 rpm in 
crvorenic liquid hydrogen (approx -255°C), which is an extremely poor 
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lubricant. Thus, in the interest ot greater reliability. this turbopump 
must have exceptionally good lubrication performance. We here introduce 
the reader to the high-performance selt-lubricating bearinse which we 
jointly developed with the National Space Development Agency (NASDA) for 
use in the LE-5 liquid-hydroren turbopump. 


Using a bearing care that is rolled and laminated trom glass-tiber cloth 
impregnated with Teflon (which has good lubricating properties at crvorzenic 
temperatures), the bearing is lubricated bv a Teflon moving-contact film 
that is tormed trom the cage pocket surfaces to the steel balls and the 
surfaces of the inner and outer races. This cage material exhibits 
extremely high mechanical strength, and has therefore been used in almost 
all the turbopumps employed to date in liquid-oxygen/liquid-hvdrogen rocket 
engines. But the reinturcing glass cloth is exposed at the pocket surtaces 
and impairs the moving-contact action of the Teflon, eo lubrication is 
extremely poor. Stainless-steel (SUS 440C) bearing materials exhibit 
diminished specitic heat and coefticient of thermal conductivity at liquid- 
hvdrogen temperatures. When this tactor is combined with the tormation ot 
clean surfaces due to the reducing action of the oxygen, there is a ten- 
dency for local burning damage (smearing) to occur on the race surtaces 
during the initial period of operation when it is difficult for the Tetlon 
moving-contact film to torm in the bearings. 


In order to eliminate these defects in the new bearing that was developed, 
the cage, steel balls, and inner and ovter rings were subiected to surface 
processing which is described below, vielding extremely rood lubrication 
properties ond long life. 


(1) As shown in Pigure 2, the bearing cage is subiected to hydrotluoric- 
acid processing whereby approximately 0.10 - 0.12 mm of the glass cloth 
exposed at the surface is dissolved and removed. This enhances lubrication 
at the pocket surfaces and improves the moving-contact action of the Teflon 
film. 


(2) The steel balls and inner and outer rings are coated with a Teflon 
film, approximately 0.7 wm thick, by sputtering. Thus smearing in the 
initial stages of operation is prevented and a strong lubricating tilm is 
formed in combination with the Teflon moving-contact tilm trom the bearing 


cape. 


As shown in Figure 3, when the hydrotlucric-acid-processed cage encounters 
friction with the steel balls of the bearing in liquid nitroren (with I-kg 
Joading, friction velocity ot 10 m/s, for 1 hour). wear in the steel balis 
is sharply reduced, and the coetticient of triction declines to approxi- 
mately 0.010, or about a third of the unprocessed value. Wear on the sur- 
faces from which the glass cloth was dissolved and removed also becomes 
much smaller, and the lubricative properties of the cage surtaces are 
sharply improved. 
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Firure 2 Hvdrotluoric-Acid Processing of Cage Surtaces 
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hey: 

1. Glass cloth (8 lavers/mm) (48%) 

2. (a) Before hydrotluoric-acid processing 

4. livdrofluoric-acid processing, 46% HF. approximatciv 8 minutes 
4, (b) After hvdrofluoric-acid processing 


(Portion of glass cloth dissolved bv hvdrotluoric acid) 


In Figures 4 and 5 are plotted the rises in the temperatures of the outer 
bearing ring and of the liquid hydrogen that cooled the bearing in endur— 
ance tests (thrust load = 784 N, rotational speed = 50,000 rpm, Liquid- 
hyvdroren tlow = 0.3 Lit/sec) on a conventional bearing and the moditied 
bearing which was developed. In 2Z-hour tests, the temperature rise in the 
meditied bearing declined to abovt a third ot that tor the conventional 
bearing, and an extremely stable attitude was maintained. Examinations 
mide atter the tests revealed the tollowing things. (1) The amount of wear 
on the steec] balls and the inner and outer rings was reduced from the 
approximately 129 mg (with a testing time ot approximately 1 hour) for the 
conventional bearing to approximately 1.2 me, and the reduction in wear was 
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Figure 3 Eftectiveness of Hvdrofluoric-Acid Processing 
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particularly conspicuous in the steel balls (ct Firure 6). (2) The total 
amount of wear on the cage pocket surfaces was reduced tu approximately 3 
mm’ for all ot the 11 pockets, or about 1/40th of that for the conven- 
tional bearing. (3) There was no surtace roughening found in the race 
surfaces, and the sputtered Teflon surface still remained to a considerable 
extent, demonstrating that the new bearing provides an cxtremely long life 
aud high performance. 


The liquid-hydrogen turbopump in which this type of bearing was used exhi- 
bited extremely stable axle speed (50,240 rpm) and bearing temperature 
(32.3 K), during 15 runs of various pertormance demonstration tests done on 
the ground over a period of 683 seconds, and during both the 429-second 
first firing ot the LE-5 engine during the launch of the H-I socket vehi- 
cle, and the 19-second second tiring which occurred atter 44 minutes of 
coasting. Thus the tine lubrication pertormance and high reliability of 
this bearing were demonstrated in actual enrine tlight tests. 


The bearings used in the high-pressure lLiquid-oxyzen/liquid-hvdroren turbo- 
pumps of the LE-7 engine in the larger H-II rocket now under development 
are alsu subjected to the same surtace processing as this bearing, and 
those bearings are exhibiting tood results as tests on the turbopumps pro- 
ceed on schedule. 
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key to Figure 4: 

4. delta T (Bre), delta T (LH2) temperature rise (K) 
2. Rise in temperature of liquid hydrofen 

% Rise in temperature of outer ring 

4. Testing time (minutes) 


Key to Pigure 5: 

1. delta T (Brg), delta T (LH2Z) temperature rise (K) 
2. delta T (Brg) outer ring temperature rise 

%, delta T (LHZ) liquid hvdiogen temperature rise 

4. Testing time (minutes) 
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Figure 6 Roundness ot Stee! Balls After Tests 
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ATP Blade Flutter Tests Successtul 
Tokyo KOGIKEN NYUSU in Japanese Mar 87 pp 1-11 
[Article by Masanori Matsushima of First Airtrame Department | 


[Text] As part of the “High-Speed Turboprop Element Research" being done 
under the Special Government/Private Joint Research Program at NAL, flutter 
tests have been underway, using the large low-speed wind tunnel] in a ioint 
project with Sumitomo Precision Products Co, Ltd. On February 25, flutter 
occurrence was successfully recorded. 


ATP (advanced turboprop) technology is attempting to achieve jet-aircratt 
speeds with the tuel economy of propeller aircratt. The test model (AF 2) 
is a two-bladed propeller having a diameter of 1.6 m. The shape of the 
plan is modeled after the Hamilton SR-}, emploving a 45 sweepback. The 
airfoils are NACA-64A010's having a maximum width of approximately 30 cm. 

A twist is employed that changes from 23° at the blade root to -7.5° at the 
blade tip, centered at 25 percent of the chord length. The test model is 
made on a core ot alumin material having a thickness of approximately 
2mm. The ten airfoil elcoents are tormed by stretching an outer skin of 
silk fabric on a trame having balsa leading cdres and ribs, and Japanese- 
cypress trailing edges. The minimum characteristic oscillation trequency 
is 2.5 Hz. The results of earlier tests were used in tabricating this test 
model. Fur the rotating drive mechanism, a synchronous-tvpe 120 kW rotor 
testing unit that had been on hand tor some time was modified and put into 
service. As for measurements, deformation is sensed with rosette gauges 
mounted at the hub and at locations 75 percent out on the core, the signals 
from which are sent to a recorder via slip rings, and video photography is 
pertormed using a strobe synchronized to the rpm. A thiust meter, torque 
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meter, vibration meter, and tachometer are used to monitor the drive unit, 
more details ot which will be reported subsequently. 


Tests vere conducted with the drive unit mounted on the large low-speed 
wind tunne! cart, the test model being attached to the drive unit so as to 
subtend an angle of 60° with the rotating surtaces. A flutter trequency of 
8.75 Hz was detected at a wind velocity ot 28 mi/s| and rotational speed ot 
405 rpm. In Figure 2 the bending strain at the blade roots and the twist 
strain at 75 percent of the span are indicated in Figure 2. When the wind 
velocity was lowered after flutter developed, it was possible to recover 
the test model undamaged. There are now plans to1 analvzine the oscilla- 
tionw characteristics of the test model and the flutter data in greater 
detail, and to investigate the correspondence with numerical computations 
based on the DLMATP code. 


Figure ? Data Recorder Traces Upon Occurrence of Flutter 


Root bending 
strain 





Twist strain 
at 75 percent 
of span 











These tests were conducted as part of a joint project by the ATP Research 
Group bere at NAL and Sumitomo Precision, but members trom the Second Aero- 
dynamics Department, Second Airframe Department, and Administrative Depart- 
ment also cooperated with the ATP Group and industry representatives. 


12332 
CSO: 4306/2041 
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STUDY ON MOLTEN CARBONATE FUEL CELL POWER-GENERATING SYSTEM 
Tokyo BOEI GIJUTSU in Japanese Oct 86 pp 39-48 


[Article by Mutsumi Ogoshi, chief, Development Group One, High-Technology 
Development Division, Energy Project Headquarters, Ishikawajima-Harima 
Heavy Industries Co., Ltd., and Toshiaki Yoshida] 


([Text] Summary [in English] 


The fuel cell is an electric power generating system that acts in reverse of 
water electrolysis. The fuel cell has gained attention as the fourth type 
of power-generating system along with hydraulic power, thermal power, and 
nuclear power. This is because it offers numerous advantages for the highly 
civilized society of the future. The fuel cell power plant can be used with 
a variety of fuel types and provides high plant efficiency. Also, its 
exhaust gas is clean and it produces very little noise. This means that it 
can be installed in municipal and suburban areas. This paper outlines 
results of a conceptual study on the molten carbonate fuel cell (MCFC) power- 
generating system. The results of the study provide system performance and 
cost goals to help guide MCFC development activities. [End English summary] 


1. Introduction 


This article describes the system structure, electric power generating effi- 
ciency, and system parameter survey results we have studied since 1983 for 
each of the three types of the molten carbonate fuel cell (MCFC) power- 
generating systems, which are the large-scale centralized 500-mw coal gas 
using MCFC power-generating system, the medium-scale dispersed 30-mw natural- 
gas improved MCFC power-generating system, and the small-scale 500-kw city-gas 
improved MCFC power-generating system (which also supplies heat). This arti- 
cle also mentions subjects of development, such as the fuel cell/stack and 
the peripheral equipment of the MCFC power-generating system, and other items 
which have been proposed as a result of the review conducted regarding these 
types of the MCFC power-generating systems. 


2. Purposes of Studyine Systems 


The three purposes of i...s company's research are: 


(1) To survey system structures and application methods as are suitable for 
their purposes. 














(2) To estimate construction costs and operating costs for selected 
processes. 


(3) To set up development objectives of system function, system performance, 
service life, and the costs of the fuel cell/stack, taking into consideration 


the uses of the systen. 


Our company began developing MCFC in 1983. At the same time that we started 
to develop the fuel cell body, we began to study the system involving the 
MCFC. System research began at the same time as the development of the cell 
body, and from the beginning, focused on the economy and application of the 
fuel cell. This was because we wanted to pick out problems which had to be 
solved to commercialize the fuel cell as soon as practicable. 


Furthermore, to put the fuel cell into practical use early, we plan effi- 
cient development, that is, we first decide deadlines for commercialization 
of systems for different uses, then calculate back from each deadline to 
find “milestones" for what has to be done by when. 


Based on our development concept, in October 1985, only 2 and 4 years after 
starting development of the MCFC power-generating method, we succeeded in 
developing a 1-kw class MCFC power-generating system, suitable for mass 
production and system enlargement, in which electrodes made of electrolytic 
tile formed by the tape-forming process, were used. This article reports 
part of the research results in regard to program development, concept 
design, and cost survey in the market survey completedthus far by the system 
development team of IHI, as shown in Figure l. 
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Figure 1. System Studies by Ishikawajima-Harima Heavy Industries 
Co., Ltd. [IT] 
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3. 


The market for fuel cells is shown in Table 1. 


to enter the market as shown in Figure 2. 


Fuel-Cell Market Anticipated and Market Size Predicted 


These fuel cells are expected 






















































































Table 1. Estimated Fuel Cell Market 
Item Estimated 
market 
Field served | Use size (mw) | Remarks 
~ ao Base load 1,000 Generates power by using 
⸗ a coal gas 
companies Middle load 500 Two different systems: 
ede Saad 30 natural gas and coal gas 
Recovery of by-product To be used in steel mills, 
gas energy chemical industries, and 
oil refineries 
Industries Low voltage in large 60 Aluminum refining, soda 
current industry 
Absorption of in-plant Paper pulp mills 
heat 
Area of air condition 5 
Service 
———— Hotels 0.5 Electric heat absorption 
Hospitals 
LNG improved | | LNG improved|, . Coal gas making 
PAFC PAFC MCFC 
(Note) PAFC = Phosphoric acid fuel cell 
MCFC = Molten carbonate fuel cell 
Figure 2. Predicted Stages of Market Entry of Fuel Cell 


According to the survey on the size of the fuel cell market conducted in 1984 
by the Ministry of International Trade and Industry (MITI), the fuel cell 
will probably be put to practical use in the early 1990s, then by the year 
2005, the fuel cell system capable of generating 35,000 mw, including the 


on-site type will be in wide use. 


By the year 2005, the fuel cell will 


account for approximately 13 percent of total electric power generation. 


According to this estimate, it is calculated that for the first 5 years of 
its introduction, 25 percent of potential demand for the fuel cell, and then 
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later, 50 percent of its potential demand would be satisfied by substitution 
of the fuel cell. By a more conservative estimate, for the coming 10 years, 
about 1 percent (about 300 mw) of potential demand is put on the line, and 
for the later years, the increase in potential demand for the fuel cell is 
assumed to increase, as a percentage of the total of all the power generation 
sources, at the rate which oil-thermal power generation increased in the pasc. 
If this assumption is made, then the average annual introduction of the fuel 
cell for electric power enterprise use, for the coming years, would be pre- 
dicted, as shown in Table 2, by applying J.C. Fisher's method. Therefore, 
from the average in this table, the percentage for the scale of the quantity 
of the fuel cell introduced for adoption, by around the year 2010, would be 
estimated at 10 percent of the total of all the electric power generated. 

If for the earlyyears, the fuel cell is introduced in the way as given in 

the above assumption, and if, for the later years, the fuel cell continues 

to be adopted at a rate similar to that of nuclear power generated, then the 
share for the fuel cell is estimated at 10 percent by about the year 2030. 


Table 2. Average Monthly Fuel Cell Introduction Into Electric Power Industry 











In kw/year 
— PF nn (in years) 1986-1995 | 1996-2000 | 2001-2005 
Oil thermal power plant introduction 
during the period 1960-1974** 30,000 270,000 | 1,340,000 
Nuclear power plant introduction 
during the period 1970-1982*? 30,000 90 ,000 210 ,000 














Notes: — 
*1; 7 « EXP (0.3094t - 6.53) 


f: Market share for the period 
t: Number of years elapsed as counted with 
1995 as the 0 year 


a 
*2:; l-f 


The fuel cell can be operated highly efficiently. It will not give forth a 
gas causing environmental pollution. Besides, thefuel cell allows installa- 
tion of the dispersed city-pattern system. Because of these features, it is 
presumed that if efforts are made for the coming 10 years to promote its 
introduction, especially by encouraging installation of the on-site type 
system and replacement of overage thermal power generating systems, there 
will be considerable demand. 


4. Tools for System Analysis 
In order that we may detect, early in the development phase, such problems 


as are presently unnoticed inthe MCFC system and utilization measures under 
development, which will be restudied for making the most of the resultant 
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solutions in the course of the fuel cell system body and its peripheral equip- 
ment, and that we may obtain supporting data, our company is systematically 
devising the computer program series, “X-PLANT,” which is intended to help 
analyze the system's characteristics. 


The first of the "X-PLANT™ program series to be devised is the “Heat and 
Mass Balance Calculating Program for PLANT” ("B-PLANT"). This program 
allows one to find the “heat and mass balance” and power-generating effi- 
ciency without difficulty, as with MCFC power-generating systems of differ- 
ent types composed of standard modules of equipment to be combined as 
desired and which use respective fuels such as coal, natural gas, LPC 
(liquefied petroleum gas), city gas, and methanol. Further, by applying this 
program to an analysis of presumed combinations of such equipment modules, 
the similar-system characteristic items can be calculated, also for cases 
of a phosphoric acid fuel cell (PAFC) power-generating system, and prospec- 


tive competing systems such as the natural-gas using composite power- 
generating system and the coal gas using composite power-generating system. 


Presently, we are developing the second of the same analysis-purpose tool 
series, the “Static Performance Analyzing Program for PLANT" ("S-PLANT), in 
order to examine the “partial load" performance characteristics in the MCFC 
power-generating system, using, respectively, natural gas and city gas as 
fuel. 


5. Results of Conceptual Design Discussions 


The designs as to installation arrangement, etc., of the MCFC power-generat- 
ing systems will vary, depending upon both the kinds of fuels used in them 
and the scales of the systems. The MCFC power-generating system is expected 
to be supplied in terms of installation type such as the centralized installa- 
tion type, dispersed installation type, on-site type, and other installation 


types. 


Some systems which may be introduced into the power-generating area have 
been examined, reviewed, and discussed by using what we found from research- 
ing their predicted markets and the computer programs for analysis as 
described in the preceding sections. This section purposes to report some 
of the results of the reviews and discussions of designs so far attained 
which pertain to important ones taken up from among the system types marked 
"©," which are defined by the respective, feasible combinations of the con- 
ditions specified for design, as indicated in Table 3. They are: 


(1) The 500-mw coal gas using (centralized) MCFC power-generating system. 


(2) The 30-mw natural-gas reforming (dispersed) MCFC power-generating 
system. 


(3) The 500-kw city gas reforming MCFC power-generating system (which also 
supplies heat). 
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Table 3. Relationship Between Fuel Cell Application Scales and Objects of 
Conceptual Design 


Power Kinds of fuel ; Natural 
generating scale Coal | gas City gas LPG Methanol 








Large scale * O 
(100 mw or over) 





Medium scale O 
(10 mw or over) 





Small scale — 0* 
(below 10 mw) 




















In addition to designing the above-listed MCFC power-generating system types 
and making reviews and discussions thereof, we have been working to make up 
feasibility designs of realizable MCFC power-generating systems. Since 

July 1984, jointly with the Central Electric Power Research Institute, we 
have been working to make up conceptual designs of various feasible types 

of MCFC power-generating systems, especially the coal gas using MCFC power- 
generating system intended for introduction into the electric power industry, 
in order to put them into practical use. 


5.1 500-mw Coal Gas Using MCFC Power-Generating System 
5.1.1 Structure of System 


Systems of this type, the 500-mw coal gas using MCFC power-generating system, 
will, presumably, be built in bay shore areas near cities, and will replace 
some overage thermal power plants. As shown in the diagram in Figure 3, 
this power-generating system is composed of five subsystems: the gasifying 
subsystem, gas-refining subsystem, fuel cell subsystem, bottoming cycle 
subsystem, and electric power conversion regulating subsystem. 


5.1.2 Plant Layout 


The plant layout of this type of MCFC power-generating system was worked out, 
presupposing that the system, when used, would be such that its gasifying 
subsystem is to have two lines, its gas-refining subsystem one line, fuel 
cell subsystem six lines, and its bottoming cycle subsystem one line. (Its 
exhaust gas turbine is to have two lines.) 


Its plant site acreage was presupposed as 460 x 340 m, not including the 
coal-ash dump. The acreage utilization was presupposed as 0.3 m’ /kw. 

This acreage utilization efficiency is nearly the same as that of the exisi- 
ing coal thermal power generating plants, which is 0.2 to 0.3 m’/kw . 
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Figure 3. Schematic of 500-mw Coal Gas Using MCFC Power-Generating System 


Key: 
1. Coal conveying, lifting, storing 7. Dust removing 
2. Pretreatment of coal 8. Blower 
3. Coal gas making furnace 9. Anode 
4. Oxygen separator 10. Cathode 
5. Heat recovering and vaporizing ll. Fuel cell 
unit 12. Reheater 
6. Desulfurizing 13. Electric power converter 


5.1.3 Overall Power-Generating Efficiency of Plant 


The plant overall power-generating efficiency of the 500-mw coal gas using 
MCFC power-generating system will vary depending on how its subsystems are 
selected. For instance, pertaining to the subsystem for gasification, a 
difference in the model of gasifying furnace within it, andthe kind of 
gasifying agent used in it (air, oxygen, etc.), will cause a difference in 
the overall plant power-generating efficiency. Besides, such power- 
generating efficiency will vary, also depending on whether they are dry 
types, wet types, etc., of the gas-refining subsystem. 


On the assumption that the Texaco Process is selected for oxygen blowing to 
be used in the gasifying furnace of this type of power-generating system, 
the calculated result of the system's overall plant power-generating effi- 
ciency will vary as shown in Table 4, depending on the types of gas-refining 
methods, i.e., the dry, wet, and hybrid methods selected to be used in the 
system. 
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Table 4. Plant Power-Generating Efficiency 

















Gas-refining process 
Dry Hybrid Wet 

Iten process | process | process 
Cell voltage (V) 0.756 0.767 0.768 
Cell output AC (mw) 310 315 312 
Exhaust gas turbine output AC (mw) 84 76 75 
Expander output AC (aw) 29 21 20 
Steam turbine output AC (mw) 145 143 128 
Power-generating end output (mw) 568 555 535 
In-plant motive power (aw) 65 64 64 
Power transmission end output (mw) 503 491 471 
Power-generating efficiency at 

transmission end (percent) 50 48.8 46.8 





5.1.4 Results of Restudying System Structure of 500-mw Coal Gas MCFC Power- 
Generating System 


(1) Carbon Separation Preventive Measures 


When carbon separation occurs, it causes a blockage in the gas way within 
the cell or in the porous electrode, leading to degradation of the cell 
performances. Conceivable methods for preventing carbon separation are the 
steam injection process, anode gas recycling process, anode gas retreatment 
process, etc. 


For examining the effectiveness of each of these processes for prevention 
of carbon separation, we checked, by means of the Boudovard reaction, to 
observe if carbon separates at the gas inlet to the anode. As a result, 
we concluded that the simplest effective method for «-evention of carbon 
separation in the system is the anode gas recycling process. The result of 
a simulated application of this process is shown in Figure 4. From the 
same figure, it can be recognized that preadjusting the anode gas recycling 
ratio at 0.6 or more can avoid carbon separation. 


Anode gas inlet 
cell temperature 





Temperature (°C) 


gas recycling ratio 
Figure 4. Anode Gas Recycling Ratio 
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(2) Excess Air Ratio 


The excess air ratio is defined as the ratio of the amount of airflow actually 
supplied as against the least amount of air required for completely oxidizing 
the fuel (H, + CO) to be supplied to the anode. In a power-generating system 
that involves the bottoming cycle functioning to absorb waste heat coming 
from the fuel cell, the excess air ratio selected works as a parameter, which 
has an effect on the overall power-generating efficiency of the system. 


Our observation has indicated that the excess air ratio of 1.5:1.6 allows the 
system of this type to obtain the maximum power-generating efficiency, so far 
as this factor is considered. However, the excess air ratio is not the only 
factor which affects the system's power-generating efficiency. Such power 
output efficiency obtained can vary depending also on how to supply CO2>. A 
description of this matter is omitted i:. this article. 


5.2 30-mw Natural Cas Refining MCFC Power-Generating System 


5.2.1 Structure of System 


The 30-mw natural gas refining MCFC power-generating system will conceivably 
be built in suburban locations which surround cities, and will be used as the 
dispersed power-generating source or for industrial purposes. The structure 
of the system, as indicated in Figure 5, is an extremely simplified construc- 
tion which permits an easy start, stop-of-system operation, and easy load 


followup. 
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Figure 5. Diagram of 30-mw Natural Gas Reforming MCFC Power- 
Generating System 








This 30-mw power-generating MCFC system has the following features: 


(1) Inthis system, the fuel portion of unfinished reaction, at the anode, 

is used as the reformer. But because the calorific power that such a fuel 

portion produces is low, a method for the better combustion of such reform- 
er fuel caused by means of catalysts has been adopted. 


(2) By recycling the gas around its outlet at the cathode, the temperature 
of the gas around its inlet at the cathode is made to elevate. 


5.2.2 Overall Power-Generating Efficiency of Plant 


In order to obtain the power-generating efficiency of the 30-mw natural gas 

refining MCFC power-generating system, the following factors were calculated, 
on the precondition of the optimum values of the pressure, temperature, flow 
rate, etc., of the gaseous fluids, as in the system flow diagram in Figure 5. 


Cell voltage 0.806 V 

Cell output 30.0 mw AC 
Power turbine output 4.1 mw AC 
Power-generating end output 34.1 mw AC 
In-plant motive power 0.9 mw AC 
Power transmission end output 33.2 mw AC 


From these values of the factors, the power-generating efficiency of this 
type of system was defined as 55.2 percent at the power transmission end. 


5.2.3 Results of Restudying the Structure of 30-mw Natural Gas Refining 
MCFC Power-Generating System 


(1) Pressures in the System 


The cell voltage rises with the rising pressures in the system, and subse- 
quently the cell electric power output rises. Also, the gas turbine output 
increases with the increasing pressures in the system. On the other hand, 
the lower the reformer pressure and the higher its temperature, the more 
favorable the methane transformation rate becomes. With the effects of 
these phenomena combined, arelationship will exist between the power- 
generating efficiency of this system and the pressures in it, as shown in 
Figure 6. As is seen in the figure, when the pressures in the system are 
7-9 kgf/cm’ abs {0.69~° 0.88 MPs}, the power-generating efficiency of this 
type of system will reach its peak. 


(2) Fuel Consumption Ratio 


The fuel consumption ratio is defined as the ratio of the fuel (H2 + CO) 
consumed at the anode to this kind of fuel fed to the anode. If the fuel 
consumption ratio is increased, then the unreacted reactive gas at the 
anode, that is, the fuel for use in the reformer, will be in short supply 
to the reformer. Therefore, it is essential to replenish with natural gas 
to make good such a shortage of that fuel. For the.cell voltage, when the 
fuel consumption ratio becomes too great, such voltage tends to drop. 
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Figure 6. Relationship Between System Pressure and Power- 
Generating Efficiency 





(3) Fuel Cell Gas Temperature Difference Between Inlet and Outlet 


The gas must be supplied to the fuel cell so that the temperature of the gas, 
when passing the inlet to the cell, ishigher than that of the solidification 
of the electre’ytic tile; usually such a temperature must be 550° to 600°C. 
In order to minimize the loss of the electrolytic tile through evaporation, 
the required gas temperature at its outlet is approximately 700°C. 


The greater the difference in the fuel cell gas temperature between its 
inlet and outlet, the smaller the amount of the gas for cooling the cathode. 
This makes a higher overall power-generating efficiency of the plant. 
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Figure 7. Relationship Between Fuel Consumption Ratio and 
Power-Generating Efficiency 


Also, the tolerance of the differential pressure between the anode and the 
cathode, and the methods of differential pressure control, are important 
subjects to restudy from the standpoint of the structure of this type of 
MCFC system. 
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5.3 500-mw City Gas Reforming MCFC Power-Generating System 


5.3.1 Specifications of System 


Taking into account the fact that this type of system is intended for use in 
hotels, hospitals, and other facilities for general service enterprise pur- 
poses, the operating pressure of its fuel cell is specified as 1.2 kgf/cm* 
abs {0.12 MPs}. The gas temperature has been specified at 620°C, because we 
have a preference for a long life of the system over its high-power operating 
efficiency. The cell voltage is specified as 0.75 V as at 150 mA/cm*, taking 
these operating conditions into consideration. 


Now we discuss the equilibrium temperature in thereformer. As shown in 
Figure 8, in the case of its normal pressure type, the equilibrium tempera- 
ture varies slightly according to the gas temperature, in comparison with 
that in the case of its high-temperature type. Therefore, this equilibrium 


temperature is specified as 750°C, which allows the easier design of the 
reformer construction. 
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Figure 8. Relationship Between Reformer Equilibrium Temperature 
and Methane Conversion Ratio 


5.3.2 Structure of System 





The structure of this type system is shown in Figure 9. This structure has 
the following features: 


(1) For cutting down the number of units in the system to make it compact 
in construction, the water in the gas at its outlet from the anode is not 
to be separated for use as fuel for the burner in the reformer. 


(2) For increasing overall power-generating efficiency, the expansion tur- 
bine is adopted in its structure, which is operatable with fuel cells main- 
tained at the normal temperature, with an improved method taken for air 
supply. ' 
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Figure 9. Schematic of 500-kw City Gas Reforming MCFC Power- 
Generating System 


(3) The vaporizer in the system is composed of two stages, vaporizer and 
superheater, because there is some difference in quality between the vapor 
for use in the reformer and the vapor for use in the heat-supply unit. 


Regarding this type of MCFC power-generating system, this article will main- 
ly deal with its power-generating unit. A description of the system, as in 
the case where the unit for supplying “heat" is contained in the system for 
an additional purpose, will be given at another time. Figure 9 shows the 


power-generating unit. 


5.3.3 Overall Plant Power-Generating Efficiency 


The power-generating factors and the overall efficiency of this type of 
system are shown below: 


Cell voltage 0.75 V 

Cell output 503.1 kw AC 
Expansion turbine output 171.6 kw AC 
Power-generating end output 674.7 kw AC 
In-plant motive power 174.7 kw AC 
Power transmission end output 500 kw AC 


Power transmission end power-generating efficiency 47.7 percent 
This calculation result was obtained on an assumption of the discharge pres- 


sure of the air blower as 2.4 kgf/cm* abs {0.24 Mps} calculated from the 
parameter survey indicated in Figure 10. 
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Figure 10. 
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Economic Studies of MCFC 
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Relationship Between Air Blower Discharge Pressure 
and Power-Generating Efficiency 


Economic Studies of MCFC Power-Generating System 





Table 5 shows the result of calculating the estimated unit cost of electric 


power produced in the coal gas burning MCFC power-generating plant. 
same table also carries estimates of unit power cost for other kinds of 


electric power-generating sources. 


Table 5. 


The 


Unit Cost of Electric Power Generated in Coal Gas Using MCFC System 





Category of 


Existing power- 
enerating sources 


Coalgas using MCFC 
power-generating sys 





\qower syst 




































































\ Construction cost ¥/kw Hydro- 
* Coal Oil elec- 
* Nuc lear thermal LNG | thermal] tric 
‘| 260,000 300,000 400,000 power | power | power] power | power 
Item plant | plant | plant] plant | plant 
vavee-aee Sous 23.4 19.3 | 21.5 18.9 13.1 
percentage 
Facility opera- 
tion percentage 70 10 45 
Construction 
cost (¥/kw) 26 30 40 31 24 19 14 63 
Fuel cost 
Unit cost of 
power generated 14.4) 15.6 19.5 13.1 14.0 mo 17.1 21 
¥/kw-hr 
[continued] 
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{continuation of Table 5] 
Note: 1. Unit cost of power generated was obtained from the formula below: 


Yearly costs 








© = 3,760 x k 
4 C, xa 
C2 + 3760 xk ‘/kwh) 
vhere a : first-year cost percentage 


k : facility operation percentage 
Cy: construction cost (¥/kw) 
C2: fuel cost (¥/kwh) 


2. The first-year cost percentage was calculated according to 
reference (5) [not supplied]. 


The “break-even point" of the construction cost for the coal gas burning MCFC 
power-generating plant is conceived as about ¥260,000/kw. For the present, 
the anticipated construction cost of such a power-generating plant is some- 
what higher than that amount. However, since a great deal of cost-down is 
anticipated on account of technological innovation and mass production 
achieved in the future, the “break-even point" of the cost of system con- 
struction would certainly go down to ¥260,000/kw in 15 years. 





The unit cost of electric power generated is affected by the actual facility 
operation (using) ratio. As shown in Figure 11, where the actual facility 
operation ratio of the coal gas burning MCFC power-generating plant exceeds 
70 percent, its operation would be more advantageous in the economy than 
that of the existing thermal power-generating plant. 


In the next place, the economic studies of the fuel celi will be discussed. 
Figure 12 indicates how the life of the fuel cell in the MCFC power-generating 
system affects the unit power cost. On the assumption that the fuel cell 
costs account for 30 percent of all the plant construction costs, the same 
figure shows that if the fuel cell life is extended, from 8,000 to 24,000 
hours, then this will substantially lower the unit power cost, from ¥22/kwh 

to ¥15.5 kwh. In the same figure, it is also indicated that even when the 
length of the fuel cell life is designed to extend to 40,000 hours, reduc- 
tion of the unit power cost to below ¥14.1/kwh will be unrealizable. 


An opinion as to the power unit cost given in an EPRI report is almost 
similar to what has been discussed in this phase of our fuel cell economic 
studies. The adequate length of the fuel cell life recommended for the 
design is about 3 years (24,000 hours). Nevertheless, prior to a decision 
on development objectives of the fuel cell to be attempted, another idea 

of the fuel cell life of 40,000 hours as a desirable length must be restudied 
to see if this length for a design is adaptable to all types of fuel cells. 
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Figure 11. Unit Cost of Electric Power Generated 
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Figure 12. Relationship of Fuel Cell Life With Unit Cost of 
Generated Power at Power Transmission End 


7. Conclusion 


From the foregoing discussions, we again recognized the following matters 
regarding MCFC power-generating plants: 


(1) On the assumption that for the coming 10 years, about 1 percent of the 
potential demand for the fuel cell power system (about 300 mw) will be 
introduced into the power-generating area, and assuming that, after an 
initial introduction of it, the share of this fuel cell power operating 
system among all power-generating sources, will increase at the same per- 
centage to that in which the share of the thermal electric power generating 











source increased in the past, then it is anticipated that by the year 2010, 
the share of the MCFC power-generating system source supplied would be 10 
percent or so of the total size of all kinds of power-generating sources. 


(2) The overall power-generating efficiency of the coal gas burning MCFC 
power-generating system varies, depending on kinds of coal used and the 
processes of coal gas making and gas refining. However, in general, it is 
predicted that in the initial stage, the overall power-generating efficiency 
of this system with the bottoming unit will be 5 percent or so. And it is 
anticipated that 15 years after that, the system will obtain an electric power 
output efficiency which is, in terms of construction cost, ¥260,000/kwh. 


(3) For the overall power-generating efficiency of the natural gas refining 
MCFC power-generating system, an overall power-generating efficiency of 
55 percent or so is projected. 


(4) For the normal-pressure type city gas reforming MCFC power-generating 
system, a power-generating efficiency of 47 percent is expected. 


Besides, as a result of our discussion of studies and the research done so 
far on the MCFC power-generating systems, we have found the following devel- 
opment subjects we have to accomplish regarding the cell/stack and the 


peripheral equipment: 
1) Studies of cell life requirements and the system's economy. 


2) Cell cooling processes (including a study of temperature differences 
between the gas inlet and outlet). 


3) Preventive measures against carbon precipitation. 
4) CO, feeding method. 


5) Tolerance of differential pressure between the anode and cathode, and 
the process of differential pressure control. 


6) Relationship between the tolerance of gas impurity concentration at the 
cell gas inlet and the gas-refining process. 


7) Relationship between actual cell fuel utilization ratio and reformer 
fuel calorific power. 


8) Development of low S/C reformer unit employed in the system serving to 
supply both electricity and heat. 


9) Structure and size of the bottoming cycle subsystems. 


20142/9365 
CSO: 4306/2473 
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TOPPER PROCESSING CAPACITY AT YEAR END 1986 
Tokyo MARLBENI PETROLEUM REPORT in English 16 Mar 87 pp 3-4 


[Text] The Petroleum Association of Japan published a report oz. the oil 
refining equipment operating in Japan at the end of 1986. According to this 
report, topper processing capacity totaled 4,861,610 barrels a day, down 
111,000 barrels a day from a year earlier. 


To cope with the sharp decline in oil demand in the wake of the second oil 
shock of 1979, the Japanese oil industry trimmed its installed topper capacity 
in 1983 from 594 million barrels a day to 497 million barrels a day through 
plant shutdowns and disposals. But product demand still continues weak, 

and capacity utilization rates remain at low levels. 


In an effort to solve the persistent problem, therefore, in September 1986 
MITI worked out plans to reduce topper capacity by another 0.7-1 million bar- 
rels a day over a period of three years (see MPR No. 197). Oil companies, 
however, faced with their individual problems, have been delayed in coming up 
with their own retrenchment plans, with the amount trimmed since MITI's 
announcement of its plans coming to only 111,000 barrels a day, as noted above. 


Catalytic cracking capacity, on the other hand, totaled 559,000 barrels a day, 


a gain of 44,100 barrels a day over a year earlier. This increase reflects the 
industry's stepped-up efforts to meet the growing demand for lighter products. 


Japan's Oil Refining Capacity by Type of Equipment 





(Unit: B/D) 
Equipment Yearend 1985 Yearend 1986 
Topping 4,972,610 4,861,610 
Vacuum distillation 1,544,850 1,576,040 
Catalytic cracking 515,600 559,700 
Hydrocracking 18 ,000 15,000 
Catalytic reforming 542,900 538 ,600 


/6662 
CSO: 4307/022 
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ENERGY 


CONSTRUCTION OF GOVERNMENT OIL STOCKPILING BASES 
Tokyo MARUBENI PETROLEUM REPORT in English 16 Mar 87 pp 4-6 


[Text] The Japanese Government has been building permanent storage facilities 
for a planned 30 million kiloliters (189 million bbl) of oil stockpiles, 

with the completion of the last of these facilities scheduled for fiscal 1988. 
Of ten such projects, two have already been completed, one is partially 
completed and four a ° now under way. 


Those that have been completed are the Mutsu Ogawara storage base (Aomori Pref.), 
with a storage capacity of about 5.7 million kiloliters, and the Fukui stor- 

age base (Fukui Pref., about 3.4 million kl). At the partially completed 
Tomakomai East storage base (Hokkaido, about 6.2 million kl), the facilities 

in Area One were completed in the autumn of 1984 and, with a capacity of about 
2.47 million kiloliters, are now receiving stocks. With Area Two facilities 
scheduled for completion in early 1988, work has also been started on Area 

Three. 


The projects under construction are located at Kamigotoh (Nagasaki Pref.), 
Shirashima (Fukuoka Pref.), Akita (Akita Pref.) and Shibushi (Kagoshima Pref.). 
The Kamigotoh storage base (about 4.4 million kl), scheduled for completion in 
October 1988, will consist of five floating crude storage tankers each with a 
capacity of 0.88 million kiloliters. Following the installation of the first 
tanker in September 1986, the second one is now being outfitted. Work on the 
storage facilities at Shirashima (about 5.6 million kl), another floating base, 
started in October 1984 and has since been progressing smoothly. The facili- 
ties at Akita (about 4.5 million kl) are of the in-ground storage type, while 
those at Shibushi (about 5 million kl) are to be built ona man-made island. 


The remaining three projects are planned at Kushikino (Kagoshima), Kikuma 
(Ehime) and Kuji (Iwate), for a combined capacity of about 5 million kiloliters. 
Work at the former two is scheduled to start in coming April and August, 
respectively, to be followed by construction at Kikuma. 


/6662 
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MITI TO TEST ANTISEISMIC TECHNOLOGY IN DEMONSTRATION FBR NEXT YEAR 
Tokyo GENSHIRYOKU SANGYO SHIMBUN in Japanese 19 Feb 87 p 1 


[Text] MITI plans to start confirmation tests of a fast breeder demonstration 
reactor beginning next year. The objective is to confirm the suitability of 
special technology for the fast breeder reactor (FBR) in order to progress 
smoothly with the planning of a demonstration reactor whose construction is 
planned for the latter half of the 1990's. Specifically, they intend to 
carry out confirmation experiments through a 5-7 year plan on strengthening 
the reactor containment vessel, antiearthquake technology, and special 
high-temperature characteristics of the materials. 


One of the characteristics of the FBR is that the speed of the neutrons is 
fast in comparison to that of the light water reactor. 


As a result, uranium 238 is changed into plutonium at the same time the 
nuclear fission occurs, and this product can be used as fuel. 


For this reason, sodium is used as the coolant instead of water. 


When water is used as the coolant, the atomic numbers of the atoms that 
compose it are low, and the atoms are light, and therefore when neutrons are 
released they lose speed; in contrast, when sodium is used, the neutrons that 
collide do not slow down, but instead maintain their speed as they rebound. 


Moreover, when sodium is used, there is also the advantage of being able to 
operate at roughly 1 atmosphere of pressure, since sodium has a boiling 
temperature of around 900 degrees [celsius], thus eliminating the need to 
apply high pressure, which is different from water. 


The fact that high pressures need not be maintained in FBRs also leads to the 
elimination of the need for the thick structural elements in the reactor 
vessels and elsewhere, as are used in water reactors. 


Thus in the upcoming demonstration tests they have decided to carry out tests 
on the strengths of these sorts of light reactor vessels. 


Another goal of these demonstration tests is antiearthquake systems. 
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In these antiquake systems, instead of aiming at systems in which earthquake 
proof elements can withstand the force of the earthquake that enters into 

the structural elements, they will try to lighten the impact strength entering 
the structural elements by using buffer devices. 


Since the reactor vessels of FBRs are thin and weak against outside forces, 
it is imperative to reduce these outside forces as much as possible. It is 
from this perspective that the antiquake systems are being introduced with 
the FBR, and an effort will be made in these demonstration tests to obtain 
data using models of antiquake systems. 


Plans call for the FBR to run at temperatures 500 degrees hotter than water 
reactors, and thus it will be indispensable to ascertain what degrees of 
strength there are in the materials used in such high temperature environments. 


They plan therefore to carry out operational stress tests on and clarify the 
characteristics of the materials planned for use in the FBR. 


All these tests will be carried out over a period of 6-7 years beginning next 
year. 


12685/ 13046 
CSO: 4306/2037 


50 











JAEL CRITICALITY EXPERIMENTS SAID TO START SOON 
Tokyo GENSHIRYOKU SANGYO SHIMBUN in Japanese 19 Feb 87 p 2 


[Text] The Japan Atomic Energy Laboratory (JAEL), which has been engaged in 
research on high-conversion light water reactors (HCLWR), has established a 
policy under which, beginning in 1987, they will perform (a) criticality 
experiments by means of TCA (thermal critical assembly) and (b) boiling water 
power experiments to investigate cooling limits in the reactor's core and 
flow resistance. 


High conversicn light water reactors raise the conversion rate of uranium 238 
to plutonium from the prevailing rate of 0.55 to greater than 0.9; they do 
this by improving the distribution of the fuel rods in the reactor core of 
the light water reactor by density, and sending out mixed oxide (MOX) fuels, 
including plutonium. 


Due to delays in the introduction of the fast breeder reactor (FBR), it has 
been predicted that the period of use of light water reactors (LWR) will be 
extended. In order to work under these conditions, the LWR effectively uses 
the plutonium stored up through uranium resources and reprocessing; moreover, 
it is necessary to do this in order to quickly realize a supply of plutonium 
that will be the fuel used in the FBR when they are brought into play. 


Research is thus underway aimed at trying to facilitate the flexible transition 
from the LWR to the FBR; this will be done by raising the level of technology 
c* the light water reactors, using MOX fuel for the purpose of conserving 
uranium fuel supplies and storing is up while burning plutonium in the reactors, 
and thereby developing high-conversion light water reactors that can maintain 
high product quality. 


In 1987, experiments will be performed on (a) criticality through TCA, and 

(b) hot water power, including critical cooling limits of the reactor core and 
flow resistance concerning burnout that becomes the principal problem through 
increasing density of the reactor core. Specifically, these are electric 
heating experiments using four- and nine-rod configurations, and flow 
resistance experiments for the case of 36 rods (medium scale). They will 

also be adjusting the calculation code, including inquiring into whether the 
calculation code that is presently used can be used without modification. They 
will also be trying to continue the criticality experiments with the FCA by 
enlarging the scale. 
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The budget allocation for this research for fiscal 1987 is 253 million yen. 


For the future, the JAEL says that during Phase 1 it intends to establish the 
goals for the possibility for the optimal reactor core for the HCLWR by 1988. 
Liaison meetings on HCLWR’s have been going forward within Japan for the STA, 
MITI, the JAEL, the electric power companies, and the manufacturers. 


In addition, from 1986 through 1988 software design studies and the gathering 
of foreign technical information will be ongoing in the field of joint 

research into electric power under the title “Research Into the Feasibility of 
High Performance Reactor Cores." The manufacturers are also progressing with 
research and development of dense configuration high performance reactor cores. 


The universities, including Osaka University, Kyoto University, Nagoya 
University, and Musashi Engineering College, have also been pursuing basic 
research since 1985 on the reactor core characteristics using techniques such 
as sensitivity analysis of medium-speed spectral reactor cores and Kyoto 
University's the criticality concentration device KUCA [unkn]. JAEL, the 
electric power companies and the manufacturers are also carrying out informa- 
tion exchanges by opening a specialists’ committee on high conversion, high 
combustion reactors. 


The future of the development of the HCLWR calls for the establishment of 
objectives for possibilities for conceptuai creation through 1988, then 
pursuing the development from 1989 with the government and private sector 
working jointly; the JAEL will provide data while it acts in the role of 
advisor. 


12685/13046 
CSO: 4306/2037 
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NUCLEAR DEVELOPMENTS 


TOWARD GEOTOPIA PLANS: UNDERGROUND PROCESSING OF RADIOACTIVE WASTE 
Tokyo GENSHIRYOKU SANGYO SHIMBUN in Japanese 19 Feb 87 p 2 


[Text] The Science and Technology Agency (STA) has decided to undertake a 
“comprehensive underground development concept (geotopia plan)." This concept 
suggests that high-level radioactive waste disposal facilities built in deep 
earth levels will become facilities completely equipped with the most 

advanced scientific technology for safety administration; with this concept, 
the STA is actively pursuing such highly sophisticated underground facilities 
and the associated technology as a forum for the development of technology 

to be used in underground spaces. The STA has been moving ahead with the 
development of frontier areas such as space development and marine development, 
and by moving into the development of underground areas, it will be fully 
established with the three main supports of frontier concept. 


It will be necessary to separate the processing of high-level radioactive 
waste materials from the human environment for a long time, at least until 
the concerns over environmental pollution from radioactivity and the effects 
of that radioactivity are alleviated. For this reason, by processing under- 
ground, it will be possible to separate these activities by several layers of 
barriers, both natural and artificial. 


It is believed, therefore, that if the processing facilities are built in rock 
of stable layers several hundred to a thousand meters below the surface, the 
operational period would last several decades to a century. The conditions 
for the construction and operations will last several times more than normal 
mining activity. 


Yet just by the fact of processing a large volume of radioactive materials, 
these become facilities outfitted with a high level of scientific technology. 
And because this will involve moving many researchers and technicians over a 
longer period of time, it is believed this will take on the characteristics 
of “high tech mining.” 


Thus it has been supposed that such high-level underground facilities and 

the associated technology would not be used only for high-level waste process- 
ing, but would perhaps also serve as the locus of scientific research in fields 
such as geology and for technical development for use in underground 
environments. 
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For example, there are thoughts of doing material synthesis experiments under 
weightless conditions using weightless falling experimental facilities 
employing the mine shafts of the processing facility. In addition, it has 
been suggestea that, since control of light, sound, dust, vibration and 
microorganisms would be easy underground, by establishing large-scale micro- 
controlled areas that cannot be built on the surface, one could do experiments 
requiring very precise measurement and manufacturing with very delicate 
processes. : 


With respect to the subterranean processing of high-level waste materials, in 
accordance with basic national policy, the Power Reactor and Nuclear Fuels 
Development Corportation (PNC) and the Japan Atomic Energy Laboratory are 
currently engaged in research and development of subterranean processing. 


The PNC is actually engaged in uranium mining at Ningyo Toge in Okayama Ken 
and is very knowledgeable about this region; therefore, geotopia plans call 
for the PNC to be the focal point and lead the investigations, then to carry 
out an examination lasting i year with the cooperation of other research 


organizations. 


In the 1987 budget, 19 million yen were allocated for general underground 
research and concept development. 


12685/ 13046 
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NUCLEAR DEVELOPMENTS 


OI FACILITY SETS OPERATING RECORD 
Tokyo GENSHIRYOKU SANGYO SHIMBUN in Japanese 19 Feb 87 p 1 


[Text] The Oi Number 2 Electric Generating Plant (pressurized water reactor 
(PWR), output of 1,175,000 KW) achieved the Japanese operational record of 
427 continuous days of operation, from the time it came on line 

17 December 1985 through 16 February this year. 


Until now, the record for continuous operation was set in October 1985 when 
the Ikata Number 2 Plant of Shikoku Electric Power (PWR, output 566,000 KW) 
ran for 418 days. 


The previous record of Kansai Electric Power for continuous operation was 
404 days, set by Mihama Number 3 (PWR, output 826,000 KW}, which moved into 
periodic testing after 6 January this year. 


During 1986 (January-December), Oi Number 2 achieved an operational time 

ratio of 100 percent with the total absence of shutdowns due to accidents. And 
through maintenance controls and the preservation of safe operations, the 
facility use ratio reached the high level of 99.4 percent. 


During this operational period, the total power generated was around 11.6 
billion kilowatt hours (KWH); this matches the power requirements of Kyoto for 
the year 1985. If this were converted into heavy oil for use in thermal 
electric power plants, it would amount to 14 million barrels of oil. 


Waste Liquid Processing System, Change for PNC 


The Power Reactor and Nuclear Fuels Development Corporation recently received 
permission for changes in reactor equipment for "Monju," which were requested 
from the Prime Minister. 


The petition for the changes was filed in September last year and concern "the 
waste washing solution disposal system" and “the emergency lighting equipment.” 
For the waste washing solution, in order to reduce the amount of radiation 

into the environment from the radioactive material, they are changing part of 
the equipment in the wash disposal system from the current way of washing 

the protective clothing with a water wash to a method that uses both * 
cleaning and water wash. 
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For the emergency lighting, they are changing from a type of direct current 
emergency lighting with batteries charged by on-site storage batteries to a 
type of direct current emergency lighting that houses the storage battery 
directly within the light itself and recharges the batteries from diesel- 
powered generators within the site. 


Japan Nuclear Power Opens Tsuruga Number 2 


The Japan Nuclear Power Generating Company announced that at 4 pm on the 
17th [February] the Tsuruga Number 2 Generating Plant (PWR, output 1,160 MW) 
had passed the final MITI examination prior to use and had inaugurated 
operations. 


Number 2 Plant is the firm's first PWR aimed at establishment and confirmation 
of the technology for the first domestically produced 1 million KW class 
improved-type high pressure water reactor following improved national 
standardization policies; it is essentially 100 percent domestically 
manufactured. 


Specifically, it is the first nuclear reactor in Japan to use a reactor 
containment vessel manufactured from prestressed concrete; by imbedding highly 
stressed cables of great strength in the steel-reinforced concrete and apply- 
ing a contractive pressure ahead of time (prestressed) by compression, the 
vessel is made to oppose high pressure expansion forces that might be generated 
within. In this way, design interior pressures can be raised, the height of 
the containment vessel can be reduced, and the earthquake resistance is 
superior. 


In addition to having an airtightness and resistance to pressure like that 
of a vessel made of steel, the containment vessel also has the function of 
being a cover for radioactivity. 


Next, they have made an effort to increase the earthquake resistance by 
establishing a tripartite division of reactor contractor, subsidiary con- 
tractor, and turbine contractor instead of the usual arrangement of six or 
seven contractors. Another feature is that they also produced a 1/25 reduced 
scale model and then made the design plans following examination of the 
surfaces of those solids. 


By constructing the cylinder part of the containment vessel out of a one- 
piece forging, they have reduced the welding lines by about one-third over 
traditional methods, and therefore they can substantially reduce the number 
of periodic inspections for welded parts and service periods. 


The central control room has been provided with improved superintendence 
and operability from the point of view of human engineering. 


Construction of the plant began in April 1982 following public hearings in 
November 1980 and the passage through the Electric Power Investigative 
Advisory Committee in December 1978. After that, the first critical limits 
were checked in May 1986, with the first power transmission in June; beginning 
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in November the final inspections were carried out. The plant entered the 
final operational test phase in January this year. With the inauguration of 
service of this plant, there are 33 Japanese commercial nuclear power reactors, 
and their total output is 25,681,000 KW. 
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NUCLEAR DEVELOPMENTS 


MITI GIVES GREEN LIGHT TO OI NUMBERS 3, 4 
Tokyo GENSHIRYOKU SANGYO SHIMBUN in Japanese 19 Feb 87 p 2 


On the 10th, MITI approved the establishment of the Oi Numbers 3 and 4 Plants 
of Kansai Electric Power Corporation, saying that they “have met the standards 
of the regulatory laws for nuclear reactors." 


After being passed by the Electric Power Development Coordinating Advisory 
Council on 32 January 1985, applications for nuclear reactor construction 
permits were submitted on 15 February. 


Plants 3 and 4 will have an output of 1,180 KW, and this places them within 
the largest class of Japanese nuclear power plants, on a par with the Genkai 
Power Plants 3 and 4 now under construction with Kyushu Electric Power. 


Construction began with the application for permission to construct the two 
plants, and operations are expected to begin in August 1991 for Plant 3 and 
June 1992 for Plant 4. 
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NUCLEAR DEVELOPMENTS 


PRESENT FBR RESEARCH INCLUDES CONTAINMENT VESSEL TESTS 
Tokyo GENSHIRYOKU SANGYO SHIMBUN in Japanese 19 Feb 87 p 6 


[Text] As we stated in our last issue, on the 4th in Tokyo the PNC convened 
the 15th Conference on REsults of the Fast Breeder Reactor at the Japan 
Federation of Economic Organizations [Keidanren] Hall in Otemachi. We will 
introduce the present state of research and development of FBRs based on 
materials from that conference. 


"Present Status of JOYO" 


In October 1986 Joyo [Japanese FBR] completed on schedule the twelve-cycle 
operation (MK II cumulative run time of 15,315 hours) of the irradiated 
reactor core and entered into the sixth round of scheduled tests. 


During this time, the irradiation tests saw the completion of the irradiation 
(64,000 MW days/ton--69,000 MW days/ton) at roughly the same level of fuel 
consumption (66,000 MW days/ton) irradiation of the fuel elements originally 
prepared to be loaded into Monju [another Japanese FBR]; the tests following 
irradiation have now begun. 


In order to understand irradiation control while operating with fuel of the 
Monju type, they irradiated the fuel concentrator outfitted with measuring 
devices at full power for 225 days, measuring such quantities as the tempera- 
ture at the center of the fuel, the volume of coolant flow, and the fission 
product (FP) gas pressure within the fuel elements. Using these data, they 
verified the fuel control analysis code developed by the PNC. 


In the area of operations control technology, they concentrated on developing 
operational support systems and upgrading the maintenance technology, in order 
to raise the level of the emergency operational training for times of total 
loss of electrical power sources, and to contribute to raising the reliability 
of future reactor plants and to safe operations for Joyo. 


In plant characteristics experiments, they carried out natural cycle experi- 
ments from 100,000 KW fixed output as an upgrade to the last experiments at 
1,000 KW, 30,000 KW, and 75,000 KW outputs that were already carried out to 
this point in order to establish analytical methods and confirm the capacity 
to remove the heat of a collapse of the FBR. 
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As part of the reduction of the FBR fuel cycle costs, they devised spent fuel 
storage containers equipped with measuring devices for the purpose of 

obtaining basic data to establish ideal storage for spent fuel, and they 
measured the temperature and pressure within the storage containers for storing 
spent fuel. 


The sixth regular test began in December; in order to improve the performance 
of the preliminary sodium element cold trap, they advanced with the conversion 
operations for a new type of cold trap that can respond adequately even to low 
temperature conversion as well as raise the retrieval efficiency by improving 
the heat removal gas layer. 





In addition, they brought about the improvement of the cesium trap that 
replenishes the radioactive cesium that dissolves out into the primary coolant 
when fuel is lost. 


Status of MONJU Construction 


The construction of the Monju FBR electric generating station (280,000 KW 
output) has been proceeding smoothly since the beginning of construction on 
15 February 1985, and as of December 1986 it stood roughly 24 percent 
complete. 


Construction Status 


In the area of civil engineering (including the conclusion of the traditional 
preparatory construction), there are generating plant site formation con- 
struction, temporary use land formation construction, replacement water 
canals, breakwater construction (coastal construction), etc. As of December, 
the construction of replacement water canals and temporary use land formation 
construction were nearly finished, and the completion of landscape engineering 
such as replanting trees was proceeding. 


The part of the breakwater construction scheduled for this year will end in 
September; operations will be suspended following measures to guard against 
the winter. 


According to the construction plans, for generator plant site formation 
engineering, they carried out the basic excavation for the reactor construc- 
tion beginning on 25 October 1985 (excavation from 21 meters standard 
elevation to 5 meters standard elevation, with an excavated volume of 280,000 
cubic meters), and they terminated that operation in March 1986. 


When they did the concrete construction for all these, they strived for 
efficient construction by carrying out the installation of the embedded metal 
sections and pre-installed tanks in the equipment. 


The electric transformer station for use during construction was completed in 
May 1986; it began to receive electricity from the Tachiishi line of the 
Hokuriku Power Company on | June. 








For the reactor containment vessel (diameter approximately 50 meters, height 
approximately 80 meters, steel plate construction), the construction was done 
with large blocks of steel plates used for setup at a temporary assembly 
construction within the site after the plates were hauled from a temporary 
wharf (the plates are roughly 12 meters x 11 meters and weigh as much as 53 
tons; there are roughly 150 blocks); construction began in July using large- 
scale side cranes. . 


The construction of the circular parts of the containment vessel, the polar 
crane, the equipment shipping entrance, and airlock is finished, and currently 
they are doing the construction of the dome trusses with the goal of conduct- 
ing pressure resistance experiments on the reactor containment vessel. 


In other construction, they have completed construction of the secondary 
immersion tank, and they are working on the construction of embedded metal 
sections, and floor drain piping. 


In the construction of the site, in order to maintain construction safety 

and construction schedule, and to measure the efficiency of the job, they have 
installed ten temporary tower cranes at six locations that surround the con- 
struction site. 


The manufacture of items such as the reactor vessel, the guard vessel, the 
settling tanks, steam generators, and bioorganism screens is proceeding 
smoothly at the factories of the various manufacturers (Toshiba, Hitachi, 
Fuji, Mitsubishi, etc.). 


Concerning the construction schedule for the Monju power generator, they have 
been working toward a deadline of March 1991, but they have assessed the 
construction elements in consideration of the construction experiences with 
Joyo and foreign FBRs and with light water reactors, in conjunction with the 
progress of the detailed designs, and the result is that they have moved the 
deadline to 1992. 


The Present State of Research on Large Reactor Design 


Since 1986, there has been a program to carry out “research into the principal 
design points of FBRs." 


This research is based on developmental experiments with Joyo and Monju; 
investigative evaluations are being carried out from a multifaceted viewpoint 
into the principal design elements of large-scale power generating FBRs for 
the steps for demonstration reactors and the technology for implementation. 
They are concentrating on gathering technological resources and proposals 
that could serve as references for examining how to approach FBRs after the 
demonstration stage, and on proposing development objectives and research 
and development items associated with this reactor development. 


The research items to be carried out are divided into three areas: research 


into technological policies, research into nuclear steam supply systems 
(NSSS), and research into equipment of other facilities (BOP) balance of plant. 
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On technological policies, they are examining (a) safety design policies and 
safety evaluation policies that more fully bring to life the special features 
of FBRs, (b) raising the level of high temperature design policies to broaden 
the suitable environment for designs based on flexible interpretations and 
open designs, and (c) antiearthquake design policies to respond to the char- 
acteristics of FBR equipment and piping systems. 


For NSSS, they are looking into (a) heat transfer processes, including 
comparative studies of means of shortening piping systems of all types, (b) 
the compatibility of conformity of compacting the reactor structure and the 
requirements of system design, (c) reactor core, fuel and walls, and (d) the 
plant heat balance, especially the difference between the temperature of the 
reactor exit point and the intake temperature. 


On BOP, there is research underway on (a) heat removal systems for a collapse 
taking into consideration natural cyclical heat removal functions, (b) 
equips’. to respond to coolant loss, including an investigation into 
localization of openings for coolant loss, and (c) coolant purification 
systems and fuel handling systems, and the reactor containment systen. 
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RESEARCH STRESSES ENRICHMENT, REPROCESSING, VARIABLE WAVELENGTHS 
Tokyo GENSHIRYOKU SANGYO SHIMBUN in Japanese 19 Feb 87 p 7 


[Text] Japanese nuclear energy research will start next year with research on 
free electron lasers (FEL) and laser excitation chemistry. With FEls, 
tremendous output power is possible with variable frequencies, and thus there 
are great expectations for this for uranium enrichment and separation of 
radioactive waste materials as well as for laser fusion. There are also 
hopes for laser excitation chemistry for applications such as the regulation 
of nuclear costs of uranium and plutonium incurred in reprocessing of fuels, 
and the fields of reprocessing of the trans-uranium (TRU) elements in 
processing operations as well as the area of waste disposal. 


In present reprocessing, they use the purex method in which the spent fuel 

is dissolved in nitric acid; the results undergo various oxidation regeneration 
processes, and then uranium and plutonium are separated out through solvent 
extraction. 


But if one were able to undertake the processes using optical chemical 
reactions that perform an oxidation regeneration of the many metal ions, then 
it appears that one could not only carry out the reduction of the waste 
productions effectively, but also facilitate the nuclear cost adjustment for 
the mutual separation of fission products (FP). 


Moreover, development is underway of free electron lasers and variable 
frequency lasers such as excimers to be used selectively for optical excitation 
of only specific elements within the mixtures of many elements. 


For these purposes, the JAEL is undertaking the development of laser technology 
by budgeting 10 million yen for free electron lasers and 42 million yen for 
laser excitation chemistry for the coming fiscal year. 


When a beam of electrons traveling near the speed of light passes through a 
strong magnetic field (wiggler magnetic field), it generates irradiated light. 
The FEL locks up this irradiated light by means of a reflective mirror, and 
within the FEL these become stronger through interference, emitting laser 
light at a determined frequency. 


The wavelength of the leser becomes shorter in proportion to the energy of the 


electrons that pass through the magnetic field; the strength of the laser 
increases in proportion to the current value of the electron bean. 
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Thus, unlike the laser heretofore that could only produce the frequencies of 
the physical solid, the special characteristic of the FEL is that it can 
generate strong laser light with which the frequency is continuously variable. 


Since this structure is pure, the efficiency is high, and it is expected that 
these would be used in a wide range of fields such as uranium enrichment and 
laser fusion as well as the separation of waste materials. 


In order to make the laser oscillator, it is essential to have measured values 
ten to one hundred times more accurate than normal for the degree of precision 
of the electrons of the electron beam, the parallelism of the bea, and the 
exact current. 


Thus, the development of an extremely high quality electron beam is the focal 
point of FEL research. 


The JAEL has started on research lasting 4 years aimed at establishing the 
technology for infrared lasers by the 1990 time frame. Next year they are 
scheduled to carry out experiments on basic controls and planning, and the 
irradiation systen. 


In research into laser excitation chemical reactions, they intend to shed 
light on the chemical reaction processes that occur through various excitations, 
ions and electrons generated within material when a laser is aimed at material. 


In understanding these processes, it will be indispensable to measure the 
wavelength of the laser light, and the volume of excitations caused by the 
varieties and circumstances of the density and material quality. 


Since the lifespan of these excitations is short, it is necessary to measure 
them to nanosecond or even picosecond units. To that end, JAEL plans to 
conduct adjustments and experiments on the laser generator and the measuring 
equipment and to gather data on these. 


All this will be particularly useful in establishing technology for the 
separation of isotopes for elements on the same rank of the atomic table and 
for experiments into research on laser excitation chemical reactions founded 
on data of optical chemical reactions and gamma ray chemistry gathered so far 
by JAEL. 


If they can achieve monochromaticity of the laser wavelength, then selective 
reactions are expected to be possible; therefore, it is felt they will try in 
the future to aim at establishing selective separation processes for nuclei 

of long lifespans within high-level radioactive waste through laser irradiation 
without added materials. 
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DEVELOPMENT OF NEW-CONCEPT FPOUR-VALVE ENCINE REPORTED 
Tokyo JIDOSHA GIJUTSU in Japanese Jan 87 pp 105-111 
[Excerpts] 1. Introduction 


Toyota Motor Corp. announced the newly developed “Laser a 35 16-valve" 
(3S-FE model engine) along with the full model change of Camry/Vista in 


August 1986. 


This new engine vas developed as the successor to the 2S-ELU model engine 
which was announced in August 1982. As the result, all 2-liter gasoline 

engines for Camry/Vista, a high-class small-size FWD vehicle, and the 3S- 
GE model engine, a sporty twin cam 16-valve engine, have been converted to 


4-valve twin cam, presenting epoch-making lineup. 


In recent years, the four-valve twin cam engine has been announced by most 
automakers following the trend that users show in favor of high grade and 
high performance. However, both are positioned as sporty engines, and this 
kind of engine is seldom the result of evolution of the superior characteris- 
tics of a basic engine. 


Toyota Motor Corp. considered that the four-valwe twin cam method was opti- 
mum to improve intake anc exhaust efficiency, to optimize the arrangement 

of a combustion chamber and the ignition system, to reduce the inertia veight 
of the dynamic valve system, and to reduce weight and size. ‘ccordingly, 
this concept was born in the pursuit of the basic characteristics (high per- 
formance and low fuel consumption) of an engine, and the 3S-Fe model engine 
was produced by the development of the concept. Its outline is discussed 
below. 


2. Object of Development 


The newly developed 3S-Fe model engine not only inherited the advantages of 
the 2S-ELU model engine, which was the base for this engine, being charac- 
terized by light running, exceptional economic efficiency, and easy access 
for service, but also had improved high performance and low fuel consumption. 
Drastic improvement was carried out regarding quietness, particularly for 

“a tone quality.” 
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The following are the main objects of the development of this engine. 


(1) iz the range from low speed to high speed, to develop an engine which 
is easy to use and which has high excess flat torque characteristics. 


(2) To achieve top class low fuel consumption. 


(3) To develop an engine with quietness and a comfortable tone quality 
appropriate to a high-class small size FWD vehicle. 


(4) To make a lightweight, compact engine. 
3. Main Specifications and Performance 
Figure 1 [omitted] shows external view of 3S-FE model engine. 


Table 1 lists main specifications of the 3S-FE model engine and Figure 2 
shows its performance curve. The performance of the 3S-FE model engine, 
i.e., its torque, is superior to that of the 2S-ELU model engine (base 
engine) in all engine revolution frequencies. This engine has a maximum 
output of 120 PS (88.2 kw). This value is very high. 


In addition, regarding its torque characteristics, it keeps the fiatness of 
90 percent of the maximum torque at 2,000 rpm and over. Because it produces. 
high torque at ordinary engine revolutions, it is possible to obtain good 
response and comfortable running as the user desires. 


Table 1. Engine Main Specifications 



























































Engine model 3S-FE 3S-GE 2S-ELU 

Types Gasoline 4-cycle + + 

Arrangement, number of Straight 4-cylin a J 

cylinders der, horizontal 

Value mechanism DOE: belt and DOHC belt drive | SOHC belt drive 
gear drive 

Number of intake and 

exhaust valves per cylinder Two each 7 Gas each 

intake and exheust Cross flow + Counter flow 

arrangement 

» tag combustion Pent roof shape + Wedge shape 

Total displacement 1998 + 1995 

Bore x strike mm 86 x 86 < 84 x 90 

Compression ratio 9.3 9.2 8.7 

Maximum power PS/rpm 120/5600 140/6200 */ 102/4800 | 

(net) (kw/ rpm) (88.2/5600 __(103/6200) 75.0/4800 

Maximum torque kgf m/rpm 17.2/4400 17.5/4800 */ 16.2/3600 \ 

(net) (N m/rpm) (169/4400) (172/4800) (159/3600) } | 

Minimum fuel consumption * 

ratio g/PS h 210 « ( 215 

(net) — (g/kw h) (286) (292) 

Dimensions (L x W x H)mm | 678 x 647 x 654 | 670 x 615 x 655 | 646 x 590 x 648 

Servicing weight kg 138 143 123 








*Conversion from gross value to net value 


66 


























~ 
3 
a. 
pS) 
3 
5 
3 (¢/PS-b) —* 
* ce 
tel , jo 8S 
(286g /k 2 —3 
Semen ee ra eS 
; © 
al A Ee 


de 4 4 


— ———0— 
Number of engine revolutions 





Figure 2. Engine Performance Curve 


4. Basic Structure of Engine and Technical Features 
4.1 Basic Structure 


As indicated in Table 1, the cross flow four-valve DOHC structure was adopted. 
Gears are driven between two cam shafts, and the included angle is narrowed. 
These essentially give a compact combustion chamber with high efficiency and 
lightweight and compact cylinder head. 


4.2 High Performance 


In order to achieve a drastic improvement in all engine revolution frequencies, 
the following techniques were adopted. 


(1) Due to the conversion to four valves, the efficiency of intake and exhaust 
was improved at all engine revolution frequencies. Furthermore, due to the 
reduction of pumping loss and a decrease in driving force of the dynamic valve 
system, friction loss was reduced. Figure 5 compares friction average 
effective pressure for the 3S-FE model, the 3S-GE model, and the 2S-ELU model 
engines during motoring. 


(2) By quickening the valve closing time of anintake valve, and adopting the 
low speed type valve timing which reduced the intake recovery at low speed, 
high intake efficiency at low and moderate speeds was achieved. Figure 6 
compares the valve timing characteristics of the 3S-FE model and the 3S-CE 
model engines. 
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Figure 4. Cylinder Head Cross Sections 
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Figure 5. Friction Average Effective Pressure 














Figure 6. Valve Timing 











(3) To increase intake efficiency at low and moderate speeds, a high inertia 
supercharging intake manifold was adopted. The intake inertia supercharging 
effect was studied by computer simulation computation, and its optimum design 
was achieved. 


(4) A compact pent roof combustion chamber was adopted, and the knocking, 
which becomes a problem along with the improvement of intake efficiency, was 
suppressed. Figure 7 shows a comparison of the shape of this combustion 
chamber with that of the 3S-CE model engine. In general, a central ignition 
pent roof shaped combustion chamber which is converted to the four-valve 
system is suitable to obtain high combustion efficiency, but this combustion 
chamber is an even more thoroughgoing improvement of a conventional chamber. 
That is, the included angle cf the valve was set at 22°35", the smallest 
angle possible, and a combustion chamber is provided on top of the piston, 
giving it a compact shape. Furthermore, the addition of powerful squish (the 
squish area is double that of the 3S-GE model engine) brought about a rapid 
combustion speed. A high compression ratio of 9.3 could be set up because of 
the adoption of this combustion chamber. Higher power was also achieved. 











Figure 7. Combustion Chambers 


(5) The EFI-D fuel injection method was adopted, and higher output was 
obtained by reducing intake resistance by getting rid of the air flow meter. 


4.3 Low Fuel Consumption 


Due mainly to the reduction of friction by conversion to the four-valve system, 
the adoption of a compact pent roof combustion chamber with high efficiency 
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and a rapid combustion speed, the achievement of a high compression ratio by 
the use of the combustion chamber, and precise control by the adoption of 
the TCCS (Toyota Computer Controlled System), unprecedentedly low fuel con- 


sumption was realized. 


Figure 8 shows a comparison of combustion times of three engines (2S-FE, 
3S-GE. and 2S-ELU). This figure indicates that the compact pent roof com- 
bustion chamber adopted in the 3S-FE model engine shortens the combustion 
time and achieves high combustion efficiency in a wide range of air fuel 
ratios. Table 2 shows a comparison of the results of 10-mode and 60 km/h 


stationary running fuel consumption rates. 














sc < 

< F The number of engine revolutions: 
32 * 2,000 rpm 
338 = Filling up efficiency: 47 percent 
Eon S Ignition timing: 9.08 MBT* 

(*Ignition timing to obtain 98 percent 
of MBT torque) 

» < (**Mass combustion ratio) 

a} 

F— 

* 
HSB 
13 iS 17 19 21 
A/F 


Figure 8. Comparison of Combustion Time for 3S-FE, 3S-GE, and 











2S-ELU 
Table 2. Comparison of Fuel Consumption Ratio 
3S-FE 3S-GE *2S-ELU 
10-mode fuel consumption 
km/2 12.8 12.0 12.2 
60 km/h stationary run- 
ning fuel consumption km/ 2 24.0 19.0 23.5 




















*Data obtained from conventional type Camry/Vista 


4.4 Quietness 


The 3S-FE model engine was developed looking not only for an improvement in 
noise, but also the achievement of a comfortable tone quality. 
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Factors which influence tone quality include frequency characteristics, 
intermittence, and fluctuations of sound pressure. It has gradually become 
understood that the rumbling noise, which becomes a penetrating sound prob- 
lem from an engine during acceleration, is particularly influenced by the 
magnitude of fluctuations of sound pressure, AP (Figure 9). Thus, Toyota 
Motor Corp. has developed the rumbling noise analyzer which calculates and 
displays AP. By combining this device with the conventional analysis tech- 
niques such as FEM and laser holography, tone quality has been improved. 
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Figure 9. Analysis of Tone Quality 


The techniques applied to the 3S-FE model engine are described below. 


(1) A crankshaft dual mode damper (Figure 10) was adopted, and the two 
vibration modes of a crankshaft, torsion and bending, were simultaneously 
reduced. It is an integrated damper which consists of not only a conven- 
tional type torsional damper which suppresses only torsional vibration, but 
also a bending damper for the reduction of bending vibration in a crank 
pulley. Owing to the dual mode damper, the noise level inside of a car 
during acceleration was improved as shown in Figure 11. 


Secondary pulley (torsional damper) 








Rubber 





Figure 10. Crankshaft Dual Mode Damper 
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Figure 11. Effect of Crankshaft Dual Mode Damper 


(2) An increase in hardness was accomplished by reinforcement of the cylinder 
block and crankshaft. 


(3) By reducing main bearing clearance, the movement of a crankshaft was 
lessened and cylinder block vibration was reduced. 


(4) The reinforcement of an engine mount bracket, the adoption of mount 
bracket reinforcement stay, the adoption of a mass damper matched to the 
resonance frequency of a mount, and the use of the five-point supporting 
mounting system were carried out. 


(5) An intake resonator of 0.9 liter capacity is placed between the air 
cleaner and the engine, and the intake noise is reduced. 


(6) Antivibration structure used with the lamination of two exhaust mani- 
fold head insulator steel sheets. 


(7) Due to the adoption of a new tooth shaped timing belt, camshaft driving 
noise was reduced. 


(8) A floating structure with the use of a large size rubber grommet to 
clamp the head cover was adopted, and radiant noise was reduced. 


Figure 12 is a comparison of interior noise level of the new model of Camry/ 
Vista and the conventional model. The results of noise measures taken from 
the body side are also indicated. It is seen that drastic reduction in 
noise was possible. 


4.5 Light Weight and Compact 


The cylinder head and the head cover, because of the reduction of the valve 
included angle, achieved an unbelievably compact silhouette of the twin cam, 

as seen in Figure 13. The width of the head cover of the new engine is 60 mm 
narrower than that of the 3S-GE model engine, and a reduction in weight by 

1.3 kg was also realized. Furthermore, the elimination of piping by integrating 
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Figure 13. Silhouette of Cylinder Head and Head Cover 





the air valve with the throttle body, lightening the weight of the flywheel, 
and elimination of the air flow meter by adoption of the EFI-D system, were 
carried out, withthe result that the weight of the new engine is 5 kg less 
than the 3S-GE model. 


5. Structure of Parts of New Engine 
5.1 Cylinder Head 


The material used for this part is aluminum alloy casting. The compact 
design of a cylinder head was realized by decreasing the intake and exhaust 
valve included angle to 22°35', the maximum possible. Because of the 
included angle, a cooling problem arose around the ignition plug. However, 

a path for cooling water was secured by adopting a small size ignition plug 
and thinning partially the gauge of the valve guide boss. A path for cool- 
ing water between exhaust ports was formed by casting, and cooling around the 
valve seat and the exhaust valve was secured. In addition, by enlarging a 
cooling water path at the lower portion of an exhaust port, the exhaust 
temperature was decreased. 
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5.2 Cylinder Head Cover 





The narrowed valve included angle made the compact size of a cylinder head 
cover possible. Thus, an integrated aluminum die-casting was utilized. 
Since clamping of the cylinder head was done by four plug tubes, the clamping 
portion was concealed by plug codes, improving the general appearance. A 
large size rubber grommet placed at the clamping portion was used, and the 
floating structure was set up (Figure 14). 











Figure 14. Clamping Method for Cylinder Head Cover 


5.3 Dynamic Valve System 


The timing belt drive direct (valve) DOHC structure of simple basic composi- 
tion and high reliability was initially adopted. However, because of a small 
valve included angle and a narrow pitch between camshafts, the system by 
which the intake camshaft only was driven by the timing belt, and the exhaust 
camshaft was driven by gears placed between two camshafts, was actually used. 
The gears are arranged between the No 1 and No 2 cylinders. To reduce gear- 
ing sound, helical gears are used. In addition, to prevent the rattling 
(chattering) noise of the gears due to rotational torque fluctuations of the 
camshafts, a scissors gear mechanism is set up in the exhaust side and a 
reduction in noise of the dynamic valve system is achieved (Figure 15 and 
Table 3). The gears are lubricated through an oil passage provided inside 
the camshaft. The material is blister hardened alloy steel. 


Table 3. Camshaft Driving Gear Specifications 



































Item Specifications 

Gear type Involute helical gear 
Number of teeth 40 

Pitch circle diameter 81 mm 
| Twist angle 20° 

Width | Drive gear 14 om 

of Driven gear 9 mm 

teeth Scissors gear 5 mm 
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Figure 15. Scissors Gear Mechanism 


The shade diameter of the valve is 32 mm for the intake side and 27 mm for 
the exhaust side. All valve stems are 6 mm in diameter. 


5.4 Cylinder Block 


The same cylinder block with the same bore stroke as that of the 3S-CE model 
engine was used. To reduce noise and vibration, ribs and reinforced parti- 
tions were effectively added to each part. 


5.5 Piston 


The material used is an aluminum alloy casting. To reduce piston slap noise 
at low temperatures, the piston pin offset of 1.5 mm was adopted. FPurther- 
more, the rigidity of the piston skirt portion was —— This improved 
the cylinder bore contact rubbing surface. 


5.6 Crankshaft Connecting Rod 

The material of a crankshaft is alloy cast iron. Along with the modifica- 
tion of the stroke, each part was reinforced. A connecting rod is made from 
light weight and well-balanced sintered steel. 

5.7 Flywheel 

The starter mounting was moved to thetransmission portion. At the same time, 


the outside diameter of a ring gear was enlarged. The same amount of inertia 
was maintained, but a 2 kg reduction in weight was achieved. 
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5.8 Lubricant System 


The trochoid type oil pump driven by a timing belt was used. The number of 
pump rotations was increased by 5 percent compared to the 2S-ELU model, and 
the amount of oil supplied was increased. 





5.9 Cooling System 


The rotor diameter of a water pump was increased by 4 mm compared to the 
2S-ELU model, to 69 mm. By increasing the amount of pump discharge, suffi- 
cient cooling capacity was ensured. 


5.10. Intake and Exhaust System 


An intake resonator which connects the air cleaner to the engine is made 
from plastic to decrease its weight. Unified structure is used for beth 
the surge tank and the intake manifold for light weight and simplification. 
To control first idle during cold conditions, the throttle body and a uni- 
fied wax-type air valve were adopted. 


An exhaust manifold is made by special cast iron which has excellent heat 
resistant characteristics. It is designed so that a monolith type mani- 
fold converter can be attached right below the exhaust gas exit. 


5.11 Ignition Systen 


A distributor has an integrated coil structure, and it is driven by the in- 
take camshaft at the rear end of the cylinder head. The electronic advance 
angle control system (ESA) was adopted to control ignition timing. 


5.12 Fuel System 


A two-hole type fuel injector was adopted. To distribute fuel in two direc- 
tions, two injection holes are provided to match the four-valve engine. The 
improvement of response was achieved by modifying fuel supply precision at a 
transition period. 


A cold start injector of the two-direction injection type was adopted, and 
fuel distribution at engine starting was drastically improved. Therefore, 
the ease of engine starting was increased. 


Fuel pressure is 2.9 kgf/cm’(0.28 MPa). ‘This improves ease of engine restart 
at very high temperatures. 


6. Engine Control System 


Using an 8-bit microcomputer, the TCCS, which has such functions as fuel 
injection control (EFI), ignition timing control (ESA), and idle revolu- 
tion control, was adopted. This system has various built-in functions, for 
instance, a diagnosis function (self-diagnosis), a fail-safe function, and a 
backup function. 
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Therefore, the maximum improvement in potential was achieved by the four- 
valve system, exhaust gas purification, high power output, low fuel consump- 
tion, and good driving characteristics were achieved. Figure 16 shows the 
control systen. 
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Figure 16. Control System Diagram 


6.1 Exhaust Gas Purification System 


This is the three primary catalyst system which used the air-fuel ratio feed- 
back control by the TCCS. Due to fuel injection/ignition control and other 
high precision control by the RCCS, as well as the adoption of a manifold con- 
verter with excellent warmup characteristics, high exhaust gas purification 
performance was accomplished. 


The fuel injection control method adopted was the EFI-D method which detects 
intake tube pressure (absolute pressure) and decides the amount of fuel to be 
injected. The air flow meter which has been used for the conventional 

2S-ELU model engine was eliminated. The reduction of intake resistance and 
light weight were achieved. Also, injection takes place simultaneously for 
all cylinders. One injection is carried out at each rotation of the crank- 
shaft. 


6.3 Ignition Timing Control 


The optimum ignition timing corresponding to the conditions of the engine is 
memorized in advance by a microcomputer, the conditions of the engine are 
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detected by signals from the various sensors, and the optimum ignition timing 
is outputted to the igniter. By this means, the vacuum controller and 
governor mechanism were eliminated from the distributor. Improvements in 
output, fuel consumption, reliability, and weight were achieved. 


6.4 Idle Revolutions Control 


When the number of idle revolutions decreases, due to a change in time and 
electric load for an engine, the compensation forengine revolutions takes 
place by operating the air control valve which bypasses the throttle valve. 


7. Conclusions 


Although the development of t'> new generation twin cam 3S-FE model engine 
was based upon Toyota's well-«:s-ablished twin cam engine development tech- 
nologies, a lot of effort was cevoted to the development of the new dynamic 
valve system with scissors gears, an improvement in the low and intermedi- 
ate speed torque ranges, and the achievement of a comfortable tone quality. 


However, with the cooperation of concerned persons both in-house and out- 
side the company, the developmental targets for the new generation twin can 
engine have been fully achieved. We believe that all users may be satis- 
fied with this engine which is well matched for a high-class small size FWD 
car. 


In the future, we look forward to receiving any comments or criticisms from 
users. We wish to develop further this engine to be favored by even more 
users. 
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